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Abstract
Kisumu city, like many cities in the developing world, has increased burden of urban informal settlements 
where access to basic sanitation and water remain a challenge. Despite several studies focussing on sanitation 
and water situation within Kisumu environment, elaborate research on the influence of shallow water table 
on the construction of facilities and quality of structures has however not been extensively reported. In order 
to discuss potential implications of sanitation facility quality on  public health in the informal settlements, 
this study characterised sanitation facilities by depth and quality of superstructure, analysed association 
between depth of pit latrines and types, and between depth of pit latrines and shallow wells (SWs). The 
study targeted five urban informal settlements in Kisumu city namely Nyalenda A, Nyalenda B, Manyatta 
B, Manyatta A and Obunga, and two peri-urban informal settlements of Korando and Kogony. The study 
involved physical ground surveys on all SWs in the study area and convenience sampling of toilet facilities 
within 30 m radius to the water points. Analysis was carried descriptively and with the help of GIS spatial 
analysis tool. A total of 100 SWs and 400 pit latrines were studied. Our findings revealed some evidence of 
the influence of shallow water table on the construction quality and depth of pit latrines and SWs both in the 
urban informal settlements and those of the peri-urban. The mean depth of pit latrines and SWs in the urban 
informal settlements ranged from 0.25 m–3.8 m and 0.0 m–4 m, respectively, while peri-urban areas ranged 
from 3.5 m–8.1 m and 7.6 m–14.4 m. The study also established that most pit latrines were raised to a mean 
height of 0.25 m–0.5 m above ground. Analysis of depth revealed that the depth of pit latrines and shallow 
wells in the urban informal settlements were overlapped while those of the peri-urban were not overlapped. 
Moreover, majority of pit latrines in the urban informal settlements were raised by an average 0.25 m–0.5 m 
above mean ground level, a strategy, identified by residents, to overcoming the double challenge of flooding 
and cross contamination. Overall, the study established that, where construction depth of both pit latrines 
and shallow wells is limited, the incentive to construct quality pit latrines or SWs lessens, the possible 
reason for the prevalence of low quality and less durable facilities in the urban informal settlements as 
opposed to peri-urban areas where deeper and improved pit latrines and wells exist. In conclusion, the high 
prevalence of poor-quality pit latrines and SWs in the informal settlement predisposes residents in these 
settlements to public hygiene challenges with potential escalation during floods. Creation of awareness on 
improved toilet facilities with potential of withstanding the challenges of raised water table and frequent 
flood risks is recommended in the short term while development of specific toilet construction guidelines 
concerning depth and superstructure recommended on the long term.
Keywords: pit latrine, sanitation, public health, informal settlements
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Introduction
Poor sanitation remain widespread among those living in low-income countries; according to the Joint 
Monitoring Program progress report of the World Health Organization (WHO) and United Nations Childrens 
Fund (UNICEF), about 32% of the global population lack basic sanitation, 13% used toilets or latrines where 
excreta were disposed in situ (WHO and UNICEF 2017: 5). In the sub Saharan Africa, 53% lack access to basic 
sanitation (Sengupta et al. 2018: 5–9) with a substantive number still practicing open defecation and sharing of 
pit latrines. This situation is more pronounced in urban informal settlements where access to basic amenities 
remain low (Scott et al. 2013; Kwiringira et al. 2016; Price et al. 2018). In developing countries, urban informal 
settlements are characterised by low economic livelihoods, factors which have contributed to low standards of 
hygiene and increased prevalence of poor sanitation facilities (Kimani-Murage and Ngindu 2007: 830). Finding 
shallow wells (SWs) and pit latrines in very close proximity is, thus, highly common in these areas (Okotto et 
al. 2015: 190). Factors such as unfavourable economic policies (Wasonga et al. 2014: 3) that increasingly make 
the provisions of water and sanitation  market driven have contributed to the growing neglect of these pro-
poor settlements (Simiyu et al. 2017: 1). In addition, factors of  geology and soils, topography and flood-risks 
patterns are believed to equally influence the nature of sanitation facilities that people construct in these areas 
(Douglas et al. 2008: 188). 
Ideally, areas with shallower water table present construction challenges and depth limitation for pit latrines 
(Douglas et al. 2008). In such environments, dug pits easily full-up preventing further increase in depth. Areas 
that encourage water retention and flooding like marshlands and riparian area and those of perched water table 
(Kresic 2010: 35–85) have similar effects (van Holst et al. 1982; Garg et al. 2005). Some of the options existing 
for such areas include raised pit latrine technology. This concept of raised pit latrines has been widely reported  in 
flood prone environments (Nyakundi et al. 2010: 350; Sakijege et al. 2012: 1–10; Graham and Polizzotto 2013: 
524; Nakagiri et al. 2015: 533). The WHO recommends toilet rising as a means of flood control (WHO 2006); a 
similar recommendation by United Nations Environment Program (UNEP) reported by Bertule et al. (2018) from 
the flood prone region of the Southeast Asia. In the same region, another study by Morshed and Sobhan (2010: 
236), reported that raised pit latrines are more appropriate in flood and cyclone-prone areas, and that, such raised 
latrines, have wider acceptability among communities thus providing hope of increased adoption. Some other 
research findings like Dzwairo et al. (2006) have even reported that contamination of groundwater resources by 
pit latrines can be reduced using raised and lined pit latrines. This research study, therefore, aimed to characterize 
sanitation and water sources and present how shallow water table and flood risk conditions have influenced the 
quality of toilets and shallow wells in Kisumu’s informal settlements and the implications of the same on public 
health planning.
1. Characterization of sanitation facilities and water sources 
Characterization of sanitation facilities and water sources is key for efficient sanitation value chain management 
and public health. According to the definition provided by CSTEP (2016: 2), sanitation value chain is the collection 
of units and processes involved in the management of human waste, starting with the user interface and ending 
with the reuse of the material resources. Each aspect of the value chain has a set of different technologies and 
facilities (Lagardien and Muanda, 2014: 16), where, facility, refers to the infrastructure dedicated for the disposal, 
conveyance or treatment of waste, while, sanitation technology, refers to the specific infrastructural configurations, 
methods or services designed specifically to contain, transform or transport waste to another process, point of use 
or disposal (Tilley et al. 2014: 5). Most sanitation technologies are classified based on (a) earth/dry and water-
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based types, (b) context of use i.e. shared or individual facilities, (c) types and stability of the structures for 
instance mobile and permanent facilities. However, despite the variety of technologies, the dug pit latrine, remains 
the most dominant in poor developing countries (Garn et al. 2017: 330; Orner et al. 2018: 3). Table 1 illustrates 
various types of sanitation technologies and facilities available for developing countries. In this research the word 
sanitation facility is lightly used to refer to the different types of pit latrines i.e. traditional pit latrine toilet (TPL) 
which describes a type without any ventilation, or the ventilated improved pit latrine (VIP)—the widely promoted 
among low cost settlements. 
On water source types, two major categories exist, namely; improved or protected and non-protected 
types. An improved drinking-water source is one that by nature of its construction is protected from outside 
contamination i.e. faecal matter. Protected water sources are covered to prevent the entry of physical, 
chemical and biological contaminants into the water (WHO and UNICEF 2017). Without protection, the 
Technology Reference Description 
Traditional pit latrine 
(TPL)
Graham and Polizzotto 2013 •  The most common toilet system in use. A hole dug in the 
ground, lined or unlined, fitted with cover slab and with a 
superstructure of many different materials.
• They are usually very smelly and fly ridden. 
• Can contaminate ground water if less than 30m to a well. 
Ventilated Improved Pit 
(VIP) latrine
Morgan 2007; 
Tilley et al. 2014;
WHO and UNICEF 2017 
•  Designed to control odours and flies in a pit latrine.  It uses a 
vent pipe to draw air out of the pit.   
•  The vent pipe also acts as a fly trap, when the superstructure 
is semi-dark. 
•  It’s the most promoted in low cost settlement areas, however, 
relatively costly to set    
Sanplat latrine Morgan 2007; 
Tilley et al. 2014; 
WHO and UNICEF 2017 
•  This is a concrete slab with a fitting concrete lid attached to 
a wire handle. This can is fitted onto a dug hole that can be 
used as a latrine when covered with a simple or improved 
superstructure. 
•  Relatively cheaper than VIP latrines and easily adaptable to 
existing TPL
Pour Flush Toilets 
(PFT)
Morgan 2007; 
Tilley et al. 2014
•  It’s where water is used to flush or poured to drain away 
human waste after generation. The water may be carried in a 
small container like bucket as one goes to the toilet. 
• Waste-water could be used for flushing purposes.
• The toilet could be squatting or sitting type.
Urine Diverting Dry 
Toilets (UDDTs)
Tilley et al. 2014 •  A source-separated solution that ensures the safe capture of 
faecal sludge into sealed cartridges, containers, or holding tanks
•  It enables easy usage for residents. The structures work 
extremely well in slums, urban areas, and peri-urban areas 
with high density population.
Conventional sewerage 
system (CSS)
Campos et al. 2015 •  Most advanced method of treating human wastes requires 
regular water supply, reticulation and treatment works. 
•  It is suitable for large urban areas and estates where  water 
supply is regular and the beneficiaries can afford to pay for its 
operation and maintenance
Flush/Septic Tank/ 
Soak-away system
Tilley et al. 2014 •  This is the removal of excreta using flush from an improved 
toilet by the use of water or air suction.
• Requires regular water supply for efficient performance
• The toilet could be squatting or sitting type
•  The sanitation facility however has the potential of 
contaminating ground water where the water table is high
Table 1. Description of sanitation types and characteristics available for developing countries.
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compounded effect of poor sanitation management negatively impacts the quality of water sources to the 
detriment of public health (Banks et al. 2002: 148; Cairncross et al. 2010: 195; Howard et al. 2016: 255; 
Horn et al. 2018: 709). In the absence of sufficient protection, water sources are potentially vulnerable to 
pollution arising from biological contaminats such as bacteria (Kiptum and Ndambuki 2012; Opisa et al. 
2012), chemical seepage from close proximity sanitation facilities (Lapworth et al. 2017: 1094), and even 
from agricultural activities or run-off water carrying agrochemicals and faecal matter (Wagah et al. 2010; 
Abila et al. 2012; Othoo and Abrahams 2016). 
Poor sanitation practices can exercabate the spread of many infectious diseases including cholera, typhoid and 
schistosomiasis (Abila et al. 2012: 28). An earlier WHO report indicated that about 10% of the population of 
developing world is severely infected with intestinal worms associated with improper excreta management (WHO 
2006). One recent study by Adane et al. (2017: 13) confirmed that sharing of sanitation facilities and proximity 
factors were significantly associated with acute diarrhoea in Ethiopia, while, in Kenya, a recent national mid-term 
sanitation report acknowledged that approximately 27 million US Dollars is spent annually on sanitation related 
diseases (Kenya Ministry of Health  2016). 
2. Methodology
2.1. Study area
The study was carried in the informal settlements of Kisumu city, the commercial capital of Kisumu County 
and the western Kenya region (Figure 1). The choice of Kisumu was due to the increased presence of informal 
settlements above national averages. The study specifically focussed in the ward of Nyalenda A, Nyalenda B, 
Manyatta B and Manyatta A and also Obunga slum in the southern part of the Kanyakwar ward, and the peri-
urban ward of Kogony and Korando. Kisumu is situated on the shores of Lake Victoria at longitudes 34°20´E 
and 34°70´E, latitudes 0°20´S and 0°25´S (Simiyu et al. 2017: 3) and lies at an altitude of 1,160 m which rises 
to about 1,400 m, above sea level, towards the north-west of the city. The population of Kisumu is estimated 
to be 600,000 according to the recent Kenya populations and housing survey of 2019 (KNBS 2020). Informal 
settlements cover approximately 19% of the city and hosts about 60% of the city’s urban population (Simiyu et al. 
2017: 4). The population density in these informal settlements varies between 6,000 and 21,000 persons per km2 
(Okotto-Okotto et al. 2015: 4277). Kisumu has an annual rainfall of  between 1,111 mm–1,407 mm distributed 
in two major rainy seasons from March to May  (467 mm–477 mm) and from October to December (370 mm) and 
a subdued rainfall peak in August (150 mm) (Olago et al. 2007: 352; Maoulidi 2010: 15), the hot and dry seasons 
fall in January and February while a cold season exists in June and July. Temperature varies seasonally with a 
maximum annual temperature range from 25ºC to 30ºC while the mean annual temperature ranges from 18ºC to 
20ºC (Maoulidi 2012: 2; Rakama et al. 2017: 44). 
The city is surrounded by a mountain slope on the north, wetlands in the south and two plain belts; the Kano 
Plain in the south-east and Kanyakwar Plain in the north west. Phonolitic rocks describe the major part of Kisumu 
city while volcanic soils occupy the mountainous areas of Kisian Hills and Riat Hills towards the north west 
(Rakama et al. 2017: 44). The soils of the plains are prone to flooding and the water table is generally high, in fact, 
in the informal settlements of Nyalenda A, Nyalenda B, Manyatta B and Manyatta A, the water table can often rise 
to a depth of 3 m (Wright et al. 2013: 4262–4263). This phenomenon is also supported in other literature (Okotto 
et al. 2015: 4277–4279; Okurut et al. 2015: 88; Olago et al. 2007: 1033). The Kano plains which spans the eastern 
part of the city, and where the major informal settlements exist, have shallower perched water tables ranging 
between 0.0 m–15 m depths below ground (Khisa et al. 2013: 417–434). Water supply remains a challenge in 
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Kisumu city, especially in the informal settlements. The main water sources in Kisumu are Lake Victoria, SWs, 
unprotected springs and boreholes (Figure 3). During the dry season, some of the water sources run dry forcing 
residents to buy water at increased costs from commercial vendors.
2.2. Data collection
The study involved physical ground surveys to identify SWs in the study area and a convenience sampling 
of toilet facilities within 30 m radius to the SW of interest. The choice of sample design was informed by high 
numbers of pit latrines and SWs in the study area, and the complex informal settlement dynamics in the study 
area. Water sources were categorised as SWs based on the geological well classifications provided in literature 
(Waller 1988: 13; Hamill and Bell 2013: chp. 2; Jakeman et al. 2016). Community leaders and local government 
administrators assisted in identifying water sources. The study surveyed a total of 100 SWs and 400 toilets. Of 
the 100 SWs, 84 (84%) of the SWs and 356 (89%) of toilets were from the urban informal settlements while 16 
(16%) and 44 (11%) pit latrines from peri-urban areas. GIS technique were used to delineate pit latrines within 
30 m radius to the water source. Information was collected using semi-structured questionnaires while part was 
entered on a matrix datasheet. The depth of pit latrines was measured using a 15 m thin long wire-rod which was 
measured against a measuring tape. The wire-rod was inserted to the pit bottom in three multiple times and an 
average height (depth of pit) calculated. Additionally, sanitation facilities were assessed based on body structure, 
roofing material, types and the nature and height of raising above the ground. The depth of SWs was measured in 
the similar manner as pit latrines using 15 m thin long wire-rod. 
2.3. Data analysis
Quantitative data was analysed descriptively in MS Excel and correlation analysis also undertaken to assess 
association between variables. The significance of the correlation coefficients (R2) was statistical calculated based 
on a p value of 0.05 (95%) confidence interval. Spatial analysis was carried out in ArcGIS 10.6 environment. In 
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Figure 1.  Map of the study area showing five urban informal settlements of Nyalenda A, Nyalenda B, 
Manyatta A and Manyatta B and Obunga, and the two peri-urban settlements of Kogony and Korando. 
 Sanitation Value Chain  Vol. 4 (2)  pp.003–018, 20208
GIS, spatial interpolation of the SW points was applied using the Inverse Distance Weighting (IDW) interpolation 
method to create raster surfaces for pit latrine and SW depth in this study. Hydrology analysis was done using a 
5 m resolution DEM satellite imagery to model and delineate stream pattern, order, and contours, which indicate 
areas of possible drainage convergence and likely stream tributaries. Besides, the stream convergence also depict 
possible contaminant flow directions both surface and sub-surface. 
3. Results 
3.1. Characteristics of sanitation facilities 
The results presented in Table 2 show the number of SWs and pit latrines in the study area presented as percent 
of total numbers. Nyalenda B and Obunga recorded the largest number of SWs (24% and 22%) and pit latrines 
(24.8% and 22.5%), respectively, while the least number of SWs were recorded in Manyatta A. Pit latrines were, 
further, categorised as either VIPs or TPLs and presented as proportion of total number of pit latrines. It can be 
seen that TPLs constituted the largest share of all pit latrines in the study area. A contour map profile has been 
presented in Figure 2 illustrating the general topography and drainage in the area, as well as modeled stream 
channel networks. The stream models are predictive of flow accumulation or possible drainage corridors or 
directions of contaminant flow. It can, further, be seen that Nyalenda A, Nyalenda B, Manyatta B, Manyatta A 
and Obunga informal settlements exist within low-lying areas. Besides, these settlements exist near or within the 
identified stream riparian catchments. Figure 3 is presenting the spatial interpolation i.e. raster surface outlook of 
SWs water level depth which may be indicative of water table height. Going by the map, especially the southern 
part of Kanyakwar ward where Obunga is located, there were more and fuller (water-full) SWs going by the water 
level depth, the findings were true as well for most of Nyalenda A and Nyalenda B. The areas of Manyatta A and 
Manyatta B and the peri-urban areas of Korando and Kogony had deeper water levels illustrated by the changes in 
the increase in spectral classes from low to high. This raster map provides potential evidence to the influence that 
conditions of drainage and shallow water table may have on the depth and water levels on SWs in the study area. 
Figures 4 and 5 show characteristics of pit latrines with regards to  superstructure (body structure) materials 
(Figure 4),  roofing materials used (Figure 5) for the two dominant latrine types i.e. VIP and TPL. VIP toilets had 
more concrete superstructures than TPL across all the study areas. For instance, for VIP toilets, 86% of facilities 
in Nyalenda B had concrete superstructure against 9% with iron sheets superstructure. In contrast, only 50% 
and 32% of TPLs had concrete superstructure and iron sheet rooftops in the same study site. Korando had the 
highest number of facilities with concrete body structure, while in Kogony, almost all VIP toilets had iron sheet 
roofing. Whereas most TPLs had concrete superstructure, a considerable proportion, especially urban informal 
settlements were, however, constructed using iron sheets; 42% of all TPLs in Nyalenda A and Obunga had iron 
sheet superstractures, while Nyalenda B, Manyatta B and Manyatta A had 32%, 32%, 35%, respectively. In the 
informal settlements, 30%–50% of the TPLs have open rooftops, while less than 5% VIPs had no roofing. The 
roofing pattern were of improved quality in the peri-urban areas compared to the urban informal settlements, for 
instance, no more than 10% of all TPLs in Korando and Kogony lacked roofing, while other roofing materials i.e 
tiles were also in considerable perentages (i.e., 42% in Korando). 
Figure 6 shows applications of toilet raising, practiced widely, in the study area; from the findings, more VIP 
toilets than TPL were raised. Approximately 60%–87% of VIPs in the informal settlement area were raised 
against about 36%–70% of the TPLs. Nyalenda B, Manyatta B and Obunga had the highest numbers of VIPs 
with elevation while Nyalenda A and Manyatta B reported the largest number of TPLs with elevation. Majority of 
facilities in the peri-urban slums were either non-raised of slightly raised to 0.0 m–0.5 m. 
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Study site 
Shallow wells Sanitation facilities
Number of SWs as 
percent (%) of 
total SWs
Total Number of pit 
latrines as percent (%) 
of total
Proportion of pit 
latrines that is VIP
Proportion of pit 
latrines that is TPL
Nyalenda A 17 (17.0%) 87 (21.8%) 23 (26.4%) 64 (73.7%)
Nyalenda B 24 (24.0%) 99 (24.8%) 42 (42.4%) 57 (57.6%)
Manyatta B 14 (14.0%) 67 (16.8%) 13 (19.4%) 54 (80.6%)
Manyatta A 7 (7.0%) 15 (3.8%) 3 (20.0%) 12 (80.0%)
Obunga 22 (22.0%) 90 (22.5%) 18 (20.0%) 72 (80.0%)
Korando 8 (8.0%) 18 (4.5%) 10 (55.6%) 8 (44.4%)
Kogony  8 (8.0%) 24 (6.0%) 14 (58.3%) 10 (41.7%)
Total 100 (100.0%) 400 (100.0%) 123 (30.7%) 277 (6.0%)
Table 2. Number of shallow wells and pit latrines (VIP & TPL) expressed as percentages of total across 
the urban informal settlements and peri-urban informal settlements.
Figure 2. Contour map and spatial locations of shallow wells and pit latrines within flood risk zones.
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Figure 3. Depth interpolation raster map developed in an ArcGIS 10.6 environment. 
The spectral variation denote variations in water table characteristics.
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Figure 4. Characteristics of pit latrines by types and nature of superstructure material. 
Figure 5. Characteristics of pit latrines by roofing material.
Figure 6. Characteristics of pit latrines by raising-height above the mean ground level. 
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3.2. Relationship between depth and quality of structures 
Figure 7 illustrates the variation of pit latrines depth and SWs depth across the urban and peri-urban informal 
settlements. Majority of pit latrines (90%–95%) have depths between 0.25 m–4 m except in Korando and Kogony 
where they are relatively deeper (between 4 m–10 m depth). The mean depths were recorded as follows; Nyalenda 
A = 2.3 m; Nyalenda B = 2.2 m, Manyatta B = 2.5 m, Manyatta A = 3.5 m, Obunga = 2.5 m, Korando = 3.5 m and 
Kogony = 8.1 m. On the other hand, the shallow wells depth ranged from a mean of 2 m in Obunga to 14.4 m in 
Kogony. Nyalenda A, Nyalenda B, Manyatta B, Manyatta A and Korando had mean SW depth of 2.6 m, 2.8 m, 
2.7 m, 2.2 m and 7.1 m, respectively. The results showed most shallower pit latrines were from Nyalenda A and 
Manyatta B while shallower wells from Obunga.
Figures 8 show correlation analysis results between pit latrines and SW depth; first, for urban informal settlements 
(Figure 8(a)) and, secondly, peri-urban areas (Figure 8(b)). The results showed a weak association (R2 = 0.1128) 
between pit latrine depths and shallow well depth across all urban informal settlements. However, a positive 
association (Figure 8(b)) was observed across all the peri-urban areas (R2 = 0.8975; p < 0.05) between pit latrine 
depth and shallow wells, an indication that homesteads with deeper shallow wells have also deeper pit latrines. 
Figure 9, on the one hand, presents results from verbal communication with the well owners after asking the 
reasons behind the choices of sanitation facilities in the area, and, the reasons for the predominance of TPLs in their 
settlements. The results show that  poverty/inability to afford the cost of constructing quality facilities (22%), high 
water table and unstable soils (both at 16%) were identified as reasons for the  high prevalence of TPLs. High water 
table (29%) and high cost of construction (22%) were cited as the reasons for the existence of shallow depth facilities. 
Figure 7. Trends and patterns of pit latrine depth and shallow well depth.
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4. Discussion: Sanitation characteristics and link to drainage conditions and public health 
There is evidence from this study to suggest that water table and drainage charactersitics have majorly influenced 
the types, quality, and depth of construction of sanitation facilities in the study area. The distribution pattern of 
VIPs and TPLs between urban and peri-urban reveal differences in superstructure quality, roofing materials and 
depth of construction with TPLs dominating the urban informal settlements. High water table was cited as the main 
reason behind shallow depth of SWs and pit latrines, while the combined effects of high water table and unstable 
soils was identified as leading reasons for the prevalence of TPLs. Ideally, in environments of high water table, the 
construction of pit latrines and SWs become limited. Pit latrines full-up with water when still under construction 
thus preventing further digging, consequently, most facilities done, have less durability and longevity. This is why 
areas of Nyalenda A, Nyalenda B, Manyatta B, Manyatta A and Obunga, areas of known flood risk, have higher 
records of TPLs as opposed to VIPs, relative to peri-urban areas. Interestingly, areas where pit latrine depth is 
limited, the incentive to invest heavily in quality, also, lessens. By nature of their design, VIP toilets are more 
improved compared to TPLs, and it takes more resources and time to construct a VIP toilet than TPL—a probably 
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reason why VIP toilets dominate peri-urban settlements while TPLs, in the urban pro-poor areas. 
The poor state of sanitation facilities, emphasised by the high precence of TPLs, support the earlier record by 
Reed (1994: 6) who expressed that pit latrines occur only under two circumstances: poor design, construction, 
operation or maintenance or poor environmental conditions, which conditions, generally agree to those in the 
informal settlements under study. This also, perhaps, serves to explan the reasons why urban informal settlements, 
where livelihood indicators are lower, recorded more TPLs than the peri-urban areas. It is, further, important 
to note that, poorly constructed sanitation facilities directly influence the state of community hygiene and 
health (Dodos et al. 2017); for instance TPLs are prone to smell, frequent overflows and emptying needs, thus, 
potentially, becoming key sources of contamination to adjuscent water sources. Areas with shallow water table 
may experience surface overflows, and in the precence of pit latrines with overflow problems,  contaminat mixing 
with such waters may present public health on users of such water sources in the poor urban informal settlements. 
The study, moreover, established that majority of pit latrines—more VIPs than TPLs comparatively—were 
raised above the ground (mean height = 0.25 m–0.5 m). This practice was more pronounced in the urban informal 
settlements than peri-urban. To many residents, the practice of raising toilets were flood control measures and 
a means of overcoming limitations in depth of construction. Understandably, residents in the urban informal 
informal settlements may not afford deeper latrines due to the effects of the high water table prevalent in the 
settlements, thus, the only option left is to have raised toilets. As previously outlined, raised pit latrines have been 
widely recommended for flood prone environments (WHO 2006; Morshed and Sobhan 2010: 237; Mamani et al. 
2014: 31; Bertule et al. 2018: 24). Several studies have recommended the use of raised facilities in developing 
countries (Dzwairo et al. 2006: 780; Nyakundi et al. 2010: 347; Sakijege et al. 2012: 2; Graham and Polizzotto 
2013: 522; Nakagiri et al. 2015: 530). Sanitation studies in the informal settlements of Kenya (Kimani-Murage 
and Ngindu 2007: 830; Bard and Lennmalm 2015: 25; Okurut et al 2015: 92) reported existence of raised pit 
latrines in different urban and rural areas. Furthermore, raising pit latrines may also directly contribute to stability 
and quality of pit latrines in the area, most raised pit latrines were observed to be VIP toilets with concrete walls.
Besides the limitations on construction depth of pit latrines, shallow water table may also present increased 
exposure to groundwater contamination in the urban areas, the vertical distance to the water table is critical in 
defining the degree of contaminant degradation as they transmit through the soil column sink (Abila et al. 2012; 
Bhallamudi et al. 2019). This is the reason safety-distance guidelines by WHO (WHO 2015) specify, not only, 
horizontal distance between pit latrines and SWs, but also vertical distances of separation between pit latrines 
and water table, which should be atleast 2 m (Ahaneku and Adeoye, 2014; Islam et al. 2016: 26; UNEP-DHI 
Partnership et al. 2018). 
In addition to characterization of facilities, correlation analysis were also undertaken by the study. The analysis, 
however, observed no clear association between pit latrine depth and SW (Figure 8(a)) in the urban informal 
settlements, this was probably because SWs and pit latrines in urban informal settlements were ranged only in 
shallow depth. Nevertheless, the analysis observed a positive association in depth of SWs and pit latrines (Figure 
8(b)) in the peri-urban areas (p < 0.05), the findings may probably demonstrate the fact that these area have less 
proximity distance/facility-density challenges or depth limitation as opposed to urban informal settlements, thus 
the construction of deeper facilities was more probable. The positive association provides a likelihood that areas 
with deeper wells also reported deeper pit latrines respectively. 
In conclusion, the study observes that areas with high water table and flood-risks presented challenges to the 
construction of quality pit latrines and limited the depth of construction, and, to a grater degree, these factors 
have pushed residents into compromised sanitation practices characterised by widespread use of TPLs in the 
urban slums. This study observes, however, that despite their relative cost implications, raised VIP toilets may 
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provide sustainable solution to the present challenges in the urban informal settlements not only for Kisumu 
but across many urban slums across the developing world existing within similar environmental conditions like 
Kisumu. In the end however, targeted interventions may include expanding sewerage networks into the informal 
settlements and increasing household water connections as envisioned in Kenya’s environmental sanitation and 
hygiene policy (Kenya Ministry of Health  2016). There is also an opportunity in promoting deeper wells as they 
could be less susceptible to contamination than shallower wells; solutes transport is faster and more likely in the 
near sub-surface than in the deeper horizons (Jakeman et al. 2016). 
Conclusions and recommendations 
The study characterised sanitation facilities and analysed relationship between pit latrine and shallow well 
depth in the informal settlements of Kisumu city, our findings observed that shallow water table and flooding 
conditions have influenced the types of pit latrines and shallow wells in the area. The limitation in depth affected 
the construction quality of the facilities and this is manifested in the standards of materials used for roofing, 
body stracture as well as in the depth of construction and durability of the pit latrines. The shallower the water 
table, the higher the probability of poor state of sanitation, which also raises health risk concerns as most of 
these poorly constructed facilities are prone to frequent filling and overflows. Additionally, the study observed 
no clear association between depth of pit latrine and SWs in the urban informal settlements, while at the same 
time establishing a positive association in the peri-urban areas. The study recommends sensitization on the 
benefits of raised improved pit latrines which in consequence will result into more quality durable facilities in the 
urban informal settlements, while in the long term recommending development of sustainable toilet construction 
guidelines for specific environmental challenges and expansion of sewerage and water connection networks into 
the informal settlements as a way of transforming the urban informal settlements. 
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Abstract
The effects of human urine and ecosan manure on crop productivity and soil chemical properties were 
studied using a randomized block experimental design in the households’ farm at three sites (Angare, Bhot 
Khoriya, and Deurali) of the Palung Village Development Committee, Nepal. Cauliflower was planted in 
2017 and 2018 with five treatments: Control (C), Chemical fertilizer (CF), Urine (U), Ecosan manure + 
Urine (E+U), and Ecosan manure (E) during rainy season. The biomass of the plant after three weeks of 
transplant and after harvest was calculated to analyze the role of the treatments in cauliflower productivity. 
Chemical analysis was conducted to understand nutrient uptake and efficiency in the different treatments. 
It was observed that cauliflower yield was significantly higher in E+U and E treatments in Bhot Khoriya 
and Deurali and increased by 51% and 58% in Angare. Higher Potassium (K) uptake by plants from the E 
treatments was might be due to higher concentration of K in ecosan manure. Apparent recovery efficiency 
(ARE) of Nitrogen (N) increased from 9% to 115% due to the incorporation of urine and ecosan manure 
indicating that urine was a better source of N whereas human faeces were the better source of Phosphorus 
(P). Higher amount of urine applied might lead to overflow of urine contributing to volatilization and 
leaching. To minimize such effect, the application of a moderate amount of urine in combination with 
ecosan is recommended to have a significant effect on crop growth.
Keywords: cauliflower, excreta, nutrient uptake, productivity, urine
Introduction
Global food security is recognized as one of the major challenges for sustaining the nine billion people projected 
to live on earth by 2050. In a sustainable society, the production of food must be based on returning plant nutrients 
to the soil. The challenge of finding new options to improve soil fertility for sustainable crop production has resulted 
in the option of recycling waste materials, including human urine and excreta. In a sustainable society the production 
of food must be based on returning the plant nutrients to the soil (Winblad and Simpson-Hébert 2004: 2). Ecological 
sanitation (ecosan) which is defined as a water conserving and nutrient recycling system for the use of human 
urine and excreta in agriculture and is seen as a potential strategy to both enhance soil fertility and to address 
sanitation challenges (Langergraber and Muellegger 2005: 441). The urine and decomposed excreta collected 
from ecosan toilet is used as a fertilizer in agriculture.
The majority of the Nepalese population has traditionally practiced open defecation (WaterAid Nepal 2006: 2). 
Nepal’s Sustainable Development Goals (SDGs) target for 2030 in water and sanitation include achieving universal 
and equitable access to safe and affordable drinking water, sanitation and hygiene for all and end open defecation 
(National Planning Commission 2017: 35).  Since 2011, the toilet coverage in urban areas is 78% against the rural 
coverage of only 37% with annual growth rate of sanitation increment at 1.9% (SHMP 2011: 4). The trend analysis 
showed that if the present trend is continued, the toilet coverage will be only 80% against the national target of 
 Sanitation Value Chain Vol. 4 (2) pp.019–037, 202020
universal coverage in 2017 (SHMP 2011: 4). This somehow added a burden on households to construct a toilet. 
Every year, a large amount of chemical fertilizer is imported from India and other countries to fulfil the 
fertilizer needs of the country. The high price of chemical fertilizer and its low or untimely availability are 
challenges for farmers. Excreta and greywater can help to improve food production, especially for subsistence 
farmers who otherwise might not be able to afford artificial fertilizers (WHO 2006). In such cases, the use of 
human waste (urine and excreta) as a fertilizer should be explored to enhance productivity and to address the 
problems mentioned above. Human urine is a valuable source of nutrients that has been used since ancient times 
to enhance the growth of plants, notably leafy vegetables (Jonsson et al. 2004: 17), and is universally available at 
no cost. Every day, human beings produce urine, which contains some nutrients that are needed for plant growth 
(Adeoluwa and Cofie 2012: 292–293). Each year, one person produces 500 kg of urine and 50 kg of excreta. 
The amount of excreted organic matter in faeces in many countries seems to be in the range of 10 kg (Sweden 
in addition to 8 kg toilet paper) to 20 kg (China). In both countries, excreta contain 10 kg of organic matter per 
person per year after being dried (Jonsson et al. 2004: 28). These amounts depend on the person’s body weight, 
water intake, and diet characteristics, especially protein content, and on the climate (Heinonen-Tanski and 
Wijk-Sijbesma 2005: 404). The nutrients in urine are in ionic form, and their plant availability has been found 
to be comparable with that in chemical fertilizers (Kirchmann and Pettersson 1994: 152–153; Yogeeshappa and 
Srinivasamurthy 2017: 1599–1600). The fertilizer value of human urine and its use as a crop nutrient source has 
received greater attention from researchers in recent times. The study was carried out in Nepal by Upreti et al 
(2004) to find out the appropriate urine dose and time of application. In the study potato was fertilized with N : 
P : K at the rate of 150 : 100 : 30 kg ha-1. The result suggested that 2–3 splits urine application in addition with 
phosphorus and potassium fertilizer from other sources are efficient plant nutrients and can have comparable 
yield as that of chemical fertilizer. However, the agricultural practices are fundamentally influenced by social and 
cultural dimensions and is influences farmers’ attitudes and choices. (Andersson 2015). Human excreta are used 
frequently as night soils in some areas of the world such as China, Vietnam and Japan for agricultural production 
(Heinonen-Tanski and Wijk-Sijbesma 2005: 404). Different sources of urine increase soil pH, total N, organic 
carbon, Available phosphorus (Avai. P) and exchangeable cations of soil as well as maize grain yield (Nwite 
2015: 35). The experiment was conducted in the tunnel house in South Africa by Kutu et al. (2010) with seven 
human faeces N : urine N combinations (1 : 7 to 7 : 1) each supplying 200 kg N ha-1. The study revealed highest 
dry yield in 1 : 7 human faeces to urine N combination and comparable yield in 1 : 1.2 and sole urine application. 
The study also revealed that highest N uptake was in sole urine and 1 : 7 human faeces to urine combination and 
highest P uptake was in 7 : 1 human faeces to urine combination suggesting that application of human faeces and 
urine, either separately or in combination, results in increased fresh and dry matter yields of spinach. A study 
conducted in Ghana with combined urine and poultry droppings suggested urine as a potential source of inputs to 
use for vegetable production and to increase soil fertility (Amoah et al. 2017: 11). Similarly, the study conducted 
by Guzha et al. (2005: 844) concluded that the use of urine and excreta led to better maize production than that 
with urine alone in Zimbabwe. Pradhan et al. (2009) conducted an experiment in tomato cultivation in a greenhouse 
to evaluate the efficacy of mineral fertilizer (NPK 9-6-17.7 g per plant), mixture of urine and wood ash (81 ml 
+ 10.7 g per plant), only urine (81 ml per plant) and control (no fertilization). The result revealed that the urine 
fertilized tomato plants produced equal amount of tomato as mineral fertilized plants and 4.2 times more fruits than 
non-fertilized plants. Also, experimental trials in a skyloo humus (soil mixed with faeces and ash) with different 
urine application rate (water urine ratio of 3 : 1, 5 : 1, 10 : 1) were conducted for maize in Zimbabwe. The result 
showed 6 to 35 times increase in yields of maize when fed with urine than with that of water only as a result of 
the addition of urine as a liquid fertilizer (Morgan 2003) suggesting humus as an excellent medium for growing 
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plants. However, studies on the feasibility of combined urine and excreta-based farming systems for vegetable 
production are limited. In ancient days, farmers in Nepal practicing vegetable production with urine and excreta 
would empty pit latrines onto the farmland. Gradually, the farmers shifted towards constructing toilets with septic 
tanks and started disposing of toilet waste into nearby rivers or drainage rather than using it on their farm. Hence, 
the possibility of the systematic use of urine and ecosan manure from ecosan toilets should be explored to enhance 
the productivity of rural agriculture and to maintain the cleanliness of the rural environment. Hence, this research 
was conducted in Central Nepal with the objective of evaluating the effects of human urine and ecosan manure on 
cauliflower production, nutrient uptake and soil chemical characteristics.
1. Materials and methods
1.1. Study area
This research was conducted in the Palung Village Development Committee (VDC), Makwanpur district in central 
Nepal. The district is located south of Kathmandu, the capital city of Nepal (Figure 1). The district has a subtropical 
to alpine climate. The maximum temperature rises up to 34°C, and the minimum temperature falls as low as −1.6°C 
(DoLIDAR 2012: 13). The rainfall is mainly due to the southeastern monsoon. The mean annual precipitation varies 
from 1,971 mm to 2,331 mm per year, approximately 80% of which falls between June and September (DoLIDAR 
2012: 13). The major occupation in the district is agriculture. The total population of the district is 420,477 (CBS 
2012). Approximately 82.7% of the population mostly depends on agriculture (DoLIDAR 2012: 16). The major 
agricultural product in this district is cereal crops. Paddy production, fruits and vegetables are the other main 
agricultural products in this district for domestic use and for export to other districts, particularly to Kathmandu.
1.2. Experimental site and preparation of urine and excreta
Five ecosan toilets were constructed for five households in the Palung VDC in 2016 as a demonstration project. 
Among them, at one household farm in each of the three villages (Angare, Bhot Khoriya and Deurali), a field 
experiment was carried out from June to September 2017 and July to October 2018 during the rainy seasons. The 
field experiment was conducted for the three households with differences in household economy and altitude. 
Angare, Bhot Khoriya and Deurali are located at 1,822 m, 1,981 m and 2,125 m above sea level, respectively. 
The average soil temperatures at depths of 0–5 cm during the cropping season (9 July–3 September) in 2018 at 
Bhot Khoriya and Deurali were 21.3°C and 21.5°C, respectively, and did not show large differences among the 
sites. Rainfall at Bhot Khoriya during the cropping season in 2018 was 973 mm, and rainfall could be assumed 
to be similar among the sites because they were located within 3 km of each other. Daily rainfall at Bhot Khoriya 
was measured using a rain gauge after each rainfall event and was presented in Figure 2. Moreover, the rainfall 
received at the sites is sufficient to ensure the normal growth of cauliflower. Although the sites are located at 
different altitudes, the farming practice was similar in all sites. The household economic status in Angare was 
observed to be the poorest among the three households with less technical knowledge about farming. The highest 
financial status was observed in the household of Deurali, which had more technical knowledge about farming and 
could afford chemical fertilizers and pesticides as needed. The experimental sites for 2017 are different from those 
for 2018 in order to avoid residual effects of the treatment and to minimize the cauliflower clubroot disease, which 
was common in most farms in the village. The soils of the experimental sites were classified as Dystric Cambisols 
(FAO and UNESCO 1977). Based on the soil particle distribution, the soil texture was classified as sandy loam, 
loam, and silty loam for Angare, Bhot Khoriya, and Deurali, respectively. The basic physicochemical properties 
of the soils where field experiments were conducted in 2017 and 2018 are presented in Table 1.
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Figure 1. Location of the study area (Makawanpur district) in Nepal.
Figure 2. Daily rainfall event in study site (Bhot Khoriya) in year 2018.
Table 1. The basic physicochemical properties of soil collected 
before field experiment in year 2017 and 2018.
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Particle size distribution (g kg-1 dry soil)  
Value measured
Angare Bhot Khoriya Deurali
Sand (0.05–2.0 mm) 597.2 346.3 213.8
Silt (0.002–0.05 mm) 326.5 479.0 602.1
Clay (< 0.002 mm) 76.3 174.7 184.1
Chemical Properties 2017 2018 2017 2018 2017 2018
pH (H2O) 6.93 5.69 5.18 5.16 5.27 5.10
EC (mS m-1 dry soil) 15.84 10.13 21.09 19.21 14.05 11.21
CEC (cmolc kg-1 dry soil) 10.01 7.90 14.76 18.83 13.88 18.32
Total N (g kg-1 dry soil) 1.89 1.24 3.18 2.47 2.26 2.22
Total C (g kg-1dry soil) 20.80 18.53 33.44 37.09 25.57 35.47
Mineral N (mg kg-1 dry soil) 43.22 9.83 76.52 16.84 52.29 13.10
K (cmolc kg-1 dry soil) 0.32 0.28 0.26 0.27 0.29 0.33
Available P (g kg-1 dry soil) 0.69 0.69 0.59 0.89 0.29 0.61
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The urine needed for the experiment was collected from the ecosan toilet of each household. The urine collected 
in 100 L jar was used for the experiment and is considered to be the fresh urine. The ecosan manure from the 
ecosan toilets of these households was not ready to be used. Therefore, the necessary amount of ecosan manure 
for the experiment was collected from an ecosan toilet from another village (Gundu village of Bhaktapur district). 
The ecosan manure used in this experiment is the human faeces collected from the ecosan toilet. As a rule of the 
ecosan toilet, it was confirmed from the households that ash was sprinkled after every defecation and the excreta 
was ready to be used as a fertilizer with more than six months storage time. The urine and ecosan manure samples 
were collected for chemical analysis. Total nitrogen (TN) in the urine was determined by combustion catalytic 
oxidation method using a total organic carbon analyzer (TOC-LCSH; Shimadzu, Japan). Total phosphorus (TP) 
was determined calorimetrically using a spectrophotometer, and total potassium (TK) was determined using a flame 
photometer (AA-700; Shimadzu, Japan). TN in the ecosan manure was measured using ground samples using a 
high-temperature combustion method with a CN analyzer (EA IsoLink; ThermoFisher Scientific, USA). Dried 
ground ecosan manure samples were digested using a ternary mixture (HClO4, HNO3, H2SO4) for the determination 
of TP and TK as described by Effebi et al. (2019). TP was determined after color development following the 
ascorbic acid method. The intensity of the lines was evaluated by a detector (880 nm) in spectrophotometer 
(UVmini-1240; Shimadzu, Japan). TK was analyzed using atomic absorption spectroscopy (AA-700; Shimadzu, 
Japan). The N, P, and K contents of urine (calculated based on wet weight (g kg-1)) and ecosan manure (calculated 
based on dry weight (g kg-1)) used during the field experiment are listed in Table 2. The variation in N, P, and 
K in the urine from three households was due to variation in feeding habits and the amount of water consumed 
(Heinonen-Tanski and Wijk-Sijbesma 2005: 404). Only the TN concentration in the Bhot Khoriya urine (7.1 g L-1) 
was found to be within the range (7.0–11.0 g L-1) reported in the study of Karak and Bhattacharyya (2011, 402). 
Due to the variation in N concentration in urine among the households, N application in different treatments varied 
in 2017. The amount of urine needed to be applied in the later year (2018) was calculated based on the N present in 
urine in the former year (2017). Hence, in 2018, an equal amount of N was applied in the Chemical fertilizer (CF) 
and Urine (U) treatments. This led to the difference in the amount of N applied in the two years.
1.3. Experimental design
The experiment was laid out in a randomized complete block design. The total plot size was 75 m2, and each plot 
was 2.5 × 2 m, consisting of five rows of 30 plants (Table 3, Figure 3). Each treatment was replicated three times. 
Hybrid seeds of the cauliflower (Brassica oleracea) variety ‘White Shot’ were used in this study. Cauliflower was 
chosen as a test crop because it can respond well to N. Since urine is rich in N, it was suggested to give priority to 
a crop that responds well to N (Jonsson et al. 2004: 17, 31). Cauliflower transplanting was performed four weeks 
after sowing with the following five treatments: Control (C), Chemical fertilizer (CF), Urine (U), Ecosan manure 
+ Urine (E+U), and Ecosan manure (E). The rate of fertilizer application is presented in Table 4.
Fertilizer type Site
2017 2018
Total N Total P Total K Total N Total P Total K
g kg-1
Urine
Angare 2.8 0.8 1.3 2.7 0.8 1.3
Bhot Khoriya 7.2 2.8 1.8 7.1 2.8 1.8
Deurali 2.0 1.4 1.0 3.2 1.4 1.0
Ecosan manure 13.4 11.2 36.2 13.2 11.2 36.2
Table 2. Composition of urine and ecosan manure used during field experiments.
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Farm Site Altitude Total plotsize
No. of 
replication
No. of 
treatment
No. of 
plants grown
per treatment
Sampling interval of plants
No. of plants 
sampled per 
treatment
Angare 1,822 m 75 m2 3 5 30 Sampling in three weeks 3Sampling at harvest 5
Bhot Khoriya 1,981 m 75 m2 3 5 30 Sampling in three weeks 3Sampling at harvest 5
Deurali 2,125 m 75 m2 3 5 30 Sampling in three weeks 3Sampling at harvest 5
Table 3. Experimental setup.
Figure 3. (a) Experimental site in Angare in year 2018. (Taken by the authors)
(b) Experimental site in Deurali in year 2018. (Taken by the authors)
(a) (b)
Treatment
Application rate (kg ha-1)
Remarks2017 2018
N P K N P K
Angare
C 0 0 0 0 0 0
CF 90+90 17+17 0 90+90 17+17 0 Basal/ top dressing - Chemical fertilizer
U 35+35 10+10 16+16 90+90 26+26 42+42 Basal/ top dressing - Urine
E+U 90+35 74+10 242+16 90+90 74+26 242+42 Basal - Ecosan manure/ top dressing - Urine
E 45+45 37+37 121+121 45+45 37+37 121+121 Basal/ top dressing - Ecosan manure
Bhot Khoriya
C 0 0 0 0 0 0
CF 90+90 17+17 0 90+90 17+17 0 Basal/ top dressing - Chemical fertilizer
U 90+90 35+35 22+22 90+90 35+35 22+22 Basal/ top dressing - Urine
E+U 90+90 74+35 242+22 90+90 74+35 242+22 Basal - Ecosan manure/ top dressing - Urine
E 45+45 37+37 121+121 45+45 37+37 121+121 Basal/ top dressing - Ecosan manure
Deurali
C 0 0 0 0 0 0
CF 90+90 17+17 0 90+90 17+17 0 Basal/ top dressing - Chemical fertilizer
U 26+26 17+17 12+12 90+90 60+60 42+42 Basal/ top dressing - Urine
E+U 90+26 74+17 121+12 90+90 74+60 242+42 Basal - Ecosan manure/ top dressing - Urine
E 45+45 37+37 121+121 45+45 37+37 121+121 Basal/ top dressing - Ecosan manure
C: Control, CF: Chemical Fertilizer, U: Urine, E + U: Ecosan manure + Urine, E: Ecosan manure
Table 4. Fertilzer application rate in different treatments during field experiments.
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Urea and diammonium phosphate (DAP) were applied in the CF treatment at a rate of 180 kg ha-1 N (according 
to the farmer’s typical practice). The liquid form of urine collected from the ecosan toilet of each household was 
applied in U and as a top-dressing in E+U. The urine was applied by making a hole in the soil, as mentioned by 
Rodhe et al. (2004: 197), to avoid ammonia losses, and ecosan manure was applied in the periphery of the crop 
above the soil. The completely decomposed ecosan manure collected from the same ecosan toilet was applied 
as basal fertilizer in the E+U and E treatments at all sites. The amount of urine applied as a treatment in 2017 
was calculated based on the assumption that 550 L of urine contains 4 kg of N (Esrey et al. 2001, 10) to make 
the application equivalent to the amount of N applied in the CF treatment. The amount of urine to be applied in 
the later year (2018) was calculated based on the N present in urine in the former year (2017). The fertilizer was 
applied in split doses (twice), basal (first application) and top-dressing (second application). The basal application 
was performed ten days after transplant, and the top-dressing was performed two weeks after the basal application. 
Weeds were controlled as necessary. Each “treatment” in this study can be regarded as a “scenario” that reflected 
the situation of the households who have the potential to apply urine and ecosan manure, because the amount of 
nutrients applied was different among the treatments and the nutrient application calculation was based only on 
the N concentration in urine.
1.4. Soil sampling and physicochemical analysis
The soil samples were collected twice, once prior to the experiment and again after the cauliflower was harvested 
(after the curds were judged to be mature), from the topsoil (0–15 cm) at all the sites. Five soil samples were 
collected per plot and homogenously mixed together to form a composite for each treatment. All soil samples were 
air-dried, ground and sieved using a 2 mm sieve to remove pebbles. Then, chemical analyses were conducted. 
The particle size distribution was determined by the pipette method (Gee and Bauder 1986: 383–384) and sieving 
for only one year, assuming that soil texture does not change under normal agricultural conditions. Soil pH was 
measured in a deionized water and potassium chloride (KCl) solution at a soil: solution ratio of 1 : 5 using 
a pH meter with a glass electrode (LAQUA F-74BW; Horiba, Japan). The exchangeable cations (Ca2+, Mg2+, 
Na+ and K+) were extracted using 1 mol L-1 ammonium acetate buffered at pH 7.0 and determined by atomic 
absorption spectroscopy (AA-700; Shimadzu, Japan) after extracting with 1 M ammonium acetate at pH 7.0. 
To determine the cation exchange capacity (CEC), the residual soil was washed with ethanol after ammonium 
acetate extraction, and the remaining ammonium (NH4) was extracted with 10% sodium chloride (NaCl). The 
NH4 concentration was determined by using a flow injection auto analyzer (Flow Analysis Method, JIS K-0170, 
AQLA-700 Flow Injection Analyzer; Aqualab INC., Japan). Total carbon (TC) and total nitrogen (TN) content was 
measured from ground samples, and the measurement was taken using the high-temperature combustion method 
with a CN analyzer (EA IsoLink; ThermoFisher Scientific, USA). Mineral N (NH4-N and NO3-N) was analyzed 
colorimetrically using FIA (details mentioned above) after extraction with 2 mol L-1 KCl. Avai. P determination 
was performed colorimetrically using molybdate by the Bray-2 method (Nanzyo 1997).
1.5. Plant sampling and analysis
Three cauliflower plants at three weeks after transplanting and five cauliflower plants at harvest per treatment 
were sampled from all the plots. The leaves and flowers of cauliflower at harvest were immediately separated after 
sampling and weighed to determine the fresh weight of cauliflower. The samples were then chopped into pieces 
and sub-sampled for further analysis. The sub-samples were oven dried at 70°C until they were completely dried. 
The samples were then weighed and homogenized using a rotating-disk mill. The dry weight taken was expressed 
on a per-hectare basis. For plant nutrient content analysis, dried samples were milled and digested using HNO3. 
 Sanitation Value Chain Vol. 4 (2) pp.019–037, 202026
Phosphorus concentration was determined by color development using molybdate. The concentrations of K, Na, 
Ca, and Mg were analyzed using atomic absorption spectroscopy (AA-700; Shimadzu, Japan).
1.6. Plant nutrient uptake and nitrogen use efficiency
Plant nutrient uptake was calculated separately for leaves and flowers and summed as a total. Nutrient uptake 
was calculated as shown in equation (1):
Nutrient uptake (kg ha-1) = nutrient content (%) × sample dry weight (kg ha-1)/100          (1)
The apparent N recovery efficiency (ARE) and agronomic N use efficiency (AUE) of cauliflower were calculated 
as shown in equations (2) and (3):
ARE = (Nf − N0)/N × 100                       (2)
AUE = (CauYf − CauY0)/N × 100          (3)
where Nf = nitrogen uptake from fertilized plots (kg N ha-1), N0 = nitrogen uptake from control plots (kg N ha-1), 
CauYf = cauliflower yield from fertilized plots (kg cauliflower ha-1), CauY0 = cauliflower yield from unfertilized 
plots (kg cauliflower ha-1), and N = total nitrogen applied per hectare (kg N ha-1).
1.7. Calculation and statistical analysis
The crop production parameters observed were dry weight (kg ha-1) at three weeks and dry weight (kg ha-1) 
of leaves and flowers at harvest using a digital scale. The data obtained were subjected to analysis of variance 
(ANOVA). Statistical analysis was conducted with IBM SPSS Statistics 20.0 (IBM, USA), where a significant 
difference was reported at the 5% probability level.
2. Results
2.1. Cauliflower biomass and yield
The mean values of dried biomass of cauliflower at the three experimental sites are presented in Table 5. 
The results indicated that in both years, the dried cauliflower biomass was significantly (p < 0.05) different 
among the treatments in Bhot Khoriya and Deurali, but no significant difference was observed in Angare either 
in three weeks or at harvest. Although the difference was not statistically significant, the dried cauliflower 
biomass at harvest in Angare was increased in the soils treated with U, E+U and E compared with that of 
the no-treatment control and was similar to the biomass from soil treated with CF. Furthermore, there were 
significant (p < 0.05) differences in biomass among the sites in 2018 (Figure 4), resulting in higher biomass 
in Angare than in Bhot Khoriya and Deurali. A similar growth trend for cauliflower was observed in Bhot 
Khoriya and Deurali in both years.
2.2. Nutrient uptake and N use efficiency
N, P, and K uptake by the plants and ARE and AUE in 2017 and 2018 are presented in Tables 6 and 7. A 
significant (p < 0.05) difference in N uptake was observed in Deurali in 2017, with less uptake by plants in the C 
treatment than by the plants grown with the other treatments (Table 6). In 2018, a significant (p < 0.05) difference 
in N uptake was observed in Bhot Khoriya, with the highest uptake by the plants grown in E+U treated soils and 
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Treatment
2017 2018
Dried biomass (kg ha-1)
Sampled in
three weeks
Sampled at harvest Sampled in
three weeks
Sampled at harvest
Leaves Flower Total Leaves Flower Total
Angare
C 77 604 184 788 82 1,105 292 1,397
CF 137 1,028 511 1,539 106 1,772 564 2,336
U 65 675 312 987 103 1,723 445 2,168
E+U 158 1,412 498 1,910 167 1,426 440 1,866
E 86 1,216 416 1,632 157 1,668 600 2,268
Bhot Khoriya
C 200 811b 350 1,161 105b 549b 96b 645c
CF 219 949ab 424 1,373 144b 753ab 159ab 912bc
U 320 953ab 439 1,392 271a 1,249ab 282ab 1,531ab
E+U 238 1,383a 582 1,965 171ab 1,416a 541a 1,957a
E 186 1,301ab 600 1,901 168b 1,400a 338ab 1,738a
Deurali
C 38b 379b 97b 476b 93 619b 83 702
CF 71ab 927ab 410ab 1,337a 176 887ab 151 1,038
U 97a 852ab 368ab 1,220a 136 991ab 123 1,114
E+U 99a 784ab 474ab 1,258a 183 1,296a 242 1,538
E 97ab 1,084a 669a 1,753a 163 888ab 290 1,178
C: Control, CF: Chemical Fertilizer, U: Urine, E+U: Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different for each site at p < 0.05
Table 5. Mean values of dried biomass of cauliflower as affected by different treatments.
Figure 4. Difference in biomass among sites in year 2017 and 2018.
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the least in the soils of the control treatment (Table 7). A significant (p < 0.05) difference in P uptake was observed 
in Bhot Khoriya and Deurali in 2017 for the plots with E and in Bhot Khoriya in 2018 for the plots with E and E+U 
(Table 7). K uptake was significantly (p < 0.05) different among treatments at all sites in 2018 (Table 7) and in 
Deurali in 2017 (Table 6). Both ARE and AUE at all sites were higher in 2017 compared to those in 2018 (Tables 
6 and 7), with high AUE in 2018 at all sites in the soil treated with E.
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Treatment
Uptake by plant (kg ha-1)
Apparent N 
Recovery Efficiency 
(ARE)
Agronomic N 
Use Efficiency
 (AUE)
N P K % %
Angare
C 77.3 3.8 49.3 - -
CF 162.4 9.4 126.3 47.3 4.1
U 81.4 4.8 84.7 5.9 2.8
E+U 142.1 10.3 143.3 51.8 9.0
E 117.4 10.2 120.4 44.6 9.4
Bhot Khoriya
C 81.3 4.9c 73.8 - -
CF 155.2 6.2bc 79.6 41.1 1.1
U 121.7 6.5bc 100.9 22.4 1.3
E+U 159.3 10.3ab 160.8 43.3 4.5
E 133.7 11.1a 147.9 58.2 8.2
Deurali
C 27.1b 2.1b 18.2b - -
CF 127.9a 6.7ab 62.0ab 56.0 4.8
U 87.2a 6.5ab 77.5ab 115.6 14.3
E+U 89.1a 5.2ab 104.8ab 53.4 6.7
E 110.1a 9.9a 133.1a 92.2 14.2
C: Control, CF: Chemical Fertilizer, U: Urine, E+U: Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different for each site at p < 0.05
Table 6. Effects of treatment on nutrient uptake and nitrogen use efficiency in 2017.
Table 7. Effects of treatment on nutrient uptake and nitrogen use efficiency in 2018.
Treatment
Uptake (kg ha-1)
Apparent N 
Recovery Efficiency 
(ARE)
Agronomic N 
Use Efficiency 
(AUE)
N P K  %  %
Angare
C 44.2 8.7 45.0b - -
CF 93.5 13.6 55.1b 27.4 4.0
U 71.5 13.9 60.9b 15.2 3.1
E+U 62.7 13.6 66.9b 10.3 1.1
E 72.6 14.8 116.3a 31.6 8.8
Bhot Khoriya
C 21.1b 3.4b 14.3b - -
CF 39.2ab 6.6ab 28.6b 10.1 1.3
U 54.2ab 10.3ab 45.3b 18.4 4.7
E+U 64.9a 12.4a 112.8a 24.3 7.1
E 54.5ab 12.4a 76.5ab 37.1 11.7
Deurali
C 24.2 3.3 19.4b - -
CF 51.8 4.6 36.8b 15.3 1.9
U 40.0 5.3 30.7b 8.8 2.3
E+U 52.7 7.7 58.8ab 15.8 4.6
E 44.9 6.9 88.6a 23.0 5.3
C: Control, CF: Chemical Fertilizer, U: Urine, E+U: Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different for each site at p < 0.05
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Table 8. Na concentrations in leaves and flower of cauliflower after treatment in two years.
Treatment
2017 2018
Leaves Flower Leaves Flower
g kg-1 dry weight
Angare
C 1.02 1.22 3.42 2.15
CF 0.97 1.89 2.53 1.94
U 1.75 2.02 4.38 3.72
E+U 1.34 2.08 2.99 2.54
E 1.64 2.57 2.41 2.05
Bhot Khoriya
C 2.09ab 2.73ab 3.32 3.28ab
CF 0.82b 2.41ab 3.32 2.71ab
U 3.09a 4.96a 6.58 4.24a
E+U 2.00ab 2.88ab 4.59 2.53b
E 2.54ab 2.34ab 4.38 2.72ab
Deurali
C 1.32 2.54 3.61 1.78
CF 0.78 1.75 1.87 1.28
U 3.24 0.68 3.89 2.77
E+U 2.59 2.19 3.76 3.07
E 2.88 2.24 2.71 1.66
C: Control, CF: Chemical fertilizer, U: Urine, E+U: Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different at p < 0.05
2.3. Na uptake by the plants
A significant (p < 0.05) difference among treatments in Na uptake by plants in 2017 and 2018 was observed for 
Bhot Khoriya (Table 8), with the highest Na uptake both in the leaves and flowers obtained in the urine treatment. 
Although the difference in Na uptake among treatments at other sites was not significant, the highest Na uptake 
was observed in plants grown in the urine treatment.
2.4. Physicochemical characteristics of soil after treatment
Significant (p < 0.05) differences in soil pH, EC, and NO3-N among treatments were observed only for Bhot 
Khoriya in 2017 (Table 9) and for all sites in 2018 (Table 10). The soil treated with CF showed a significant 
decrease in soil pH, whereas in the soil treated with U and E treatments, a significant increase in soil pH was 
recorded compared to the pH of the control soil (Tables 9 and 10). Soil NH4-N increased, and soil NO3-N 
decreased as an effect of all treatments at harvest compared to those levels in the control (Tables 9 and 10). No 
significant difference in soil exchangeable cations at any site was observed in 2017 (Table 11). It was observed 
that exchangeable magnesium and exchangeable potassium were significantly different among the treatments 
in Bhot Khoriya, and exchangeable calcium and exchangeable sodium were significantly different among the 
treatments in Deurali in 2018 (Table 11).
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Treatment
Soil chemical characteristics after harvest Change in soil chemical characteristics after harvest
Soil pH EC NH4-N NO3-N
Soil pH
Increase
EC
Decrease
NH4-N
Increase
NO3-N
Decrease
mS m-1 
dry soil mg kg
-1 dry soil mS m
-1 
dry soil mg kg
-1 dry soil
Angare
C 5.98a 6.74b 3.70 2.41b 0.11a 3.30c 1.35 7.58a
CF 5.35b 12.81a 4.55 8.91a −0.30b −2.32d 1.38 −3.41b
U 5.59ab 4.40b 2.98 1.43b −0.16b 5.54a 0.65 7.23a
E+U 5.78ab 5.89b 7.30 1.80b 0.16a 4.21b 4.81 4.36ab
E 5.86ab 6.26b 3.36 1.90b 0.28a 3.85bc 0.70 3.93ab
Bhot Khoriya
C 5.58a 6.59b 8.13 7.26 0.39a 12.20a 2.18 2.98
CF 4.88b 25.60a 10.10 9.96 −0.21b −6.22c 4.98 0.20
U 5.35a 5.81b 7.30 2.26 0.18ab 12.92a −0.26 7.98
E+U 5.67a 8.95b 6.31 2.50 0.39a 10.50b 0.68 11.41
E 5.59a 8.24b 6.20 2.13 0.26a 10.97b 0.78 7.78
Deurali
C 5.53a 4.22b 0.63b 1.86 0.34a 6.95a 1.86 6.11
CF 4.93b 14.78a 7.60a 4.96 −0.15b −3.55d 4.96 2.90
U 5.48a 4.34b 0.73b 1.63 0.33a 6.91a 1.63 8.01
E+U 5.58a 5.28b 1.10b 2.48 0.53a 5.95b 2.48 8.40
E 5.68a 7.62b 0.70b 3.06 0.58a 3.72c 3.06 7.71
C: Control, CF: Chemical Fertilizer, U: Urine, E+U:Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different for each site at p < 0.05
Table 10.  Effects of treatment on soil chemical characteristics in three sites in year 2018.
Table 9. Effects of treatment on soil chemical characteristics in three sites in year 2017.
Treatment
Soil chemical characteristics after harvest Change in soil chemical characteristics after harvest
Soil pH EC NH4-N NO3-N
Soil pH
Increase
EC
Decrease
NH4-N
Increase
NO3-N
Decrease
mS m-1 
dry soil mg kg
-1 dry soil mS m
-1 
dry soil mg kg
-1 dry soil
Angare
C 7.29 11.97 6.41 13.16 0.41 3.80 2.05 6.75
CF 7.03 11.07 6.03 14.25 −0.72 4.58 1.70 8.21
U 7.22 10.47 5.65 12.41 −0.01 5.37 1.75 6.76
E+U 7.17 11.91 6.28 13.50 0.30 3.61 −0.11 7.21
E 7.01 11.35 8.28 20.75 0.13 4.34 3.06 12.46
Bhot Khoriya
C 5.51a 6.94 9.78b 13.66 0.24a 14.15 0.53ab 70.63a
CF 5.19b 10.74 9.18b 36.08 0.05bc 10.35 −1.93b 16.96b
U 5.27ab 6.51 10.75ab 17.16 0.13abc 14.58 0.91ab 36.75ab
E+U 5.28ab 7.50 10.15ab 21.66 −0.03c 13.59 −1.51b 34.16ab
E 5.25ab 7.81 11.80a 18.58 0.19ab 13.28 4.23a 67.50a
Deurali
C 5.45 5.67 9.86 10.83 0.19 8.20 −3.56 27.33
CF 5.22 7.13 10.08 30.83 −0.11 6.89 −1.10 8.83
U 5.34 5.97 9.13 12.41 0.07 8.07 −2.63 31.83
E+U 5.49 6.08 8.36 11.66 0.24 7.94 −4.16 29.58
E 7.59 6.26 8.63 10.91 0.27 7.74 −3.88 25.75
C: Control, CF: Chemical Fertilizer, U: Urine, E+U: Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different for each site at p < 0.05
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3. Discussion
3.1. Effects of the treatments on cauliflower yield
The household economic statuses and farming skills among the three households were different; the highest 
were observed in Deurali, followed by Bhot Khoriya and Angare. Clubroot disease was observed less in Angare 
than in Bhot Khoriya and Deurali. These might have fundamentally affected the treatment effect on growth 
performance among the sites. Additionally, the difference in soil particle distribution and residual effects on soil 
from previous farming practices might have some effects on the treatment of the present study. However, in the 
present experiment, although there were altitudinal differences among the sites (Angare: 1,822 m, Bhot Khoriya: 
1,981 m, Deurali: 2,125 m above sea level), the climate and rainfall pattern at all sites was assumed to be similar 
and to have no particular effect on the treatment. The urine and ecosan manure used in the field experiment contain 
appreciable levels of nutrients (Table 2). This reflects that urine and ecosan manure can be essential sources of 
plant nutrients and soil conditioners for agriculture. However, the variation in N, P, and K concentration in the 
urine among the households (Table 2) caused variation in the treatment among the sites and between the years. 
This resulted in the variation in the growth and yield during the harvest.
The similar growth of cauliflower from the soil treated with U, E+U or E in this study (Table 5) indicates that 
human urine and ecosan manure are good sources of plant nutrients, confirming the results from other countries 
such as South Africa, Zimbabwe (Guadarrama et al. 2001: 1–2), Finland (Pradhan et al. 2007: 8659; 2010: 2036). 
Fertilization treatments increased the growth of cauliflower at all sites in both years, but a significant increase 
at harvest was observed in E and E+U in 2018 in Bhot Khoriya (Table 5). In Angare, although there was no 
significant difference in the dry biomass of cauliflower in both years, cauliflower growth was accelerated due to 
Table 11. Effects of treatment on soil exchangeable cations in two years.
Treatment
Soil chemical characteristics after harvest
2017 2018
Ex. Ca Ex. Mg Ex. K Ex. Na Ex. Ca Ex. Mg Ex. K Ex. Na
cmolc kg-1 dry soil
Angare
C 10.27 1.55 0.34 0.05 5.91 0.90 0.24 0.10
CF 9.01 1.07 0.25 0.08 4.69 0.72 0.21 0.11
U 9.80 1.62 0.45 0.18 4.47 0.60 0.15 0.13
E+U 8.93 1.27 0.62 0.04 5.00 0.79 0.28 0.13
E 8.94 1.46 0.23 0.11 5.06 0.91 0.27 0.10
Bhot Khoriya
C 4.47 0.97 0.34 0.08 7.27 1.59abc 0.20ab 0.10
CF 3.78 0.73 0.25 0.06 6.01 1.10bc 0.23ab 0.12
U 4.20 0.74 0.49 0.12 5.88 1.00c 0.14b 0.12
E+U 3.85 0.67 0.20 0.10 6.94 2.11a 0.46a 0.17
E 3.74 0.70 0.32 0.15 7.42 1.89ab 0.38ab 0.13
Deurali
C 4.36 0.87 0.53 0.07 4.86ab 0.79 0.20 0.10b
CF 3.88 0.58 0.29 0.05 3.64b 0.60 0.22 0.07b
U 3.76 0.51 0.18 0.10 4.60ab 0.78 0.22 0.11b
E+U 3.52 0.80 1.09 0.17 4.74ab 1.11 0.63 0.19a
E 4.14 0.79 0.84 0.11 5.84a 1.14 0.60 0.09b
C: Control, CF: Chemical Fertilizer, U: Urine, E+U: Ecosan manure + Urine, E: Ecosan manure
Means within each column followed by same letter or none at all are not significantly different for each site at p < 0.05
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fertilizer application by 48%, 20%, 58% and 51% in the CF, U, E+U and E treatments, respectively, in 2017 and 
by 40%, 35%, 25% and 38% in the CF, U, E+U and E treatments, respectively, in 2018 compared to growth in the 
control treatment; these results demonstrate the positive effects of urine and ecosan manure as soil amendments. 
The amount of nitrogen that was supplied by CF at all sites was 180 kg ha-1 in 2017, while the amounts supplied in 
the U, E+U and E treatments were 61%, 30% and 50% lower in Angare, 0%, 0% and 50% lower in Bhot Khoriya 
and 71%, 35% and 50% lower in Deurali, respectively, than that in CF (Table 4). The amount of nitrogen applied 
in the U and E+U treatments in both years was the same. Increased or comparable growth patterns were seen with 
U, E+U and E treatments because of the increased nutrient availability from the higher supply of P and K that was 
applied through urine and ecosan manure in U, E+U and E than through CF (Table 4) or from improvements in the 
soil quality even though the amount of nitrogen applied was relatively small. This result is similar to the situation 
with increased maize production due to the improvement in water productivity from faeces + urine (Guzha et al. 
2005: 844). The nutrient content in urine is easily accessible, as it is in liquid form, but the nutrient contents in 
ecosan manure release more slowly and might have an effect at later stages of crop growth.
In 2018, although the same amount of N in the CF, U, E+U and E treatments was applied at all three sites 
(Table 2), no significant difference in dried biomass among the treatments in Angare was observed (Table 5). 
This might be the result of N loss from urine either by volatilization or leaching and the slow release of nutrients 
in the E+U and E treatments. The amount of urine applied in 2018 was higher compared to that applied in 2017 to 
make the N concentration equivalent in all treatments, which might have resulted in more N loss in 2018 than in 
2017. This result is similar to the result from Di and Cameron (2007: 289), who reported significant NO3-N losses 
as the amount of urine nitrogen application increased. This result suggests that the application of urine in moderate 
amounts (26 kg ha-1–35 kg ha-1) might be beneficial for minimizing NO3-N losses and improving productivity. It is 
also likely more convenient to farmers to minimize the workload of transporting urine onto the farm. Additionally, 
urine collected from ecosan toilets could be utilized across large farm areas, making ecosan toilets feasible for 
fertilizer use. The possibility of N volatilization and leaching from urine increases the risk of N being unavailable 
to plants. Another possibility for poor crop performance in Angare (especially in soil treated with U) might be the 
result of heavy rainfall and more flooding, especially due to the high sand content (597 g kg-1 dry soil) in the soil in 
comparison to the sand content in the soils of Bhot Khoriya (346 g kg-1 dry soil) and Deurali (213 g kg-1 dry soil) 
(Table 1). The study on the effect of urine, poultry manure and dewatered fecal sludge conducted by Amoah et 
al. (2017: 11) in Ghana in the dry and rainy seasons showed poor plant growth and low yields in the rainy season 
compared to those in the dry season. Hence, our study results show similarity to those in the study by Amoah et 
al. (2017: 11), as we observed poor plant growth and low yields when the study conducted in the rainy season. 
The growth of cauliflower in all treatments was higher in both years in Angare compared to that in the other sites 
(Table 5) and showed significantly (p < 0.05) higher biomass in Angare among the sites in 2018 (Figure 4). This 
might be the result of the lesser effect of clubroot disease compared to that in Bhot Khoriya and Deurali. These 
results demonstrate that mineral fertilizer or nutrients applied through urine and ecosan manure lead to better crop 
performance. It can also be concluded that applying urine either in combination with ecosan manure or with other 
organic manure is much more effective than applying urine alone.
3.2. Effect of nutrient uptake and utilization by cauliflower
The study conducted by Kutu et al. (2010) revealed that N uptake by plant increase with the increase in the 
proportion of urine-N in the human faeces/urine combinations treatment. The highest N uptake in the solo urine 
treatment followed by treatments with greater proportion of urine-N was due to the readily available N contained 
in the urine. In contrast to this, our study showed that the N uptake by plants in 2017 at all sites was higher than the 
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N uptake by plants in 2018, although more N through urine was applied in 2018 (Tables 6 and 7). This might be 
because nitrogen applied in the later year was not fully taken up by the plant and could not contribute to the growth 
of the plant. This result of low N uptake is in agreement with the finding that if a moderate amount of urine fertilizer 
is carefully incorporated directly into the soil at the correct time, urine nitrogen has the same agricultural values as 
the nitrogen in commercial mineral fertilizers (Richert-Stintzing et al. 2010: 47–50). ARE was higher in all sites 
in 2017 than in 2018, ranging from 5.9%–115.6% in 2017 and from 8.8%–37.1% in 2018 (Tables 6 and 7). No 
significant difference among treatments was observed in ARE in either year, whereas AUE varied among treatments 
(Tables 6 and 7). The AUE values in the E+U treatment (9.0, 4.5, and 6.7 in 2017 and 1.1, 7.1, and 4.6 in 2018 in 
Angare, Bhot Khoriya and Deurali, respectively) and the E treatment (9.4, 8.2, and 14.2 in 2017 and 8.8, 11.7, and 
5.3 in 2018 in Angare, Bhot Khoriya and Deurali, respectively) were higher than those of the CF and C treatments 
in both years. This result reveals that N uptake by plants grown in CF did not contribute to plant growth as much as 
the nitrogen taken up in the E+U and E treatments. The high AUE in plants grown in soil treated with E+U, E and 
U suggests the potential of using urine and ecosan manure as a fertilizer. The lack of a consistent increase in yields 
from increased N application suggests that N is not the only factor limiting the growth of cauliflower.
P uptake by plants was significantly (p < 0.05) higher in the E treatment than in the other treatments in Bhot 
Khoriya in both years (Table 6) and in Deurali in 2018 (Table 7), but there was no significant difference among 
treatments in P uptake by plants in Angare. This result is similar to the study conducted by Kutu et al. (2010) who 
showed that higher P uptake by plants was from the treatments treated with high proportion of human faeces. 
Although there was no significant difference in P uptake by plants in Angare in both years and in Deurali in 2018, P 
uptake by plants in the U-, E+U- and E-treated soil was comparatively higher than that in the soil with no treatment 
(Tables 6 and 7). Phosphorus was applied during the experiment through DAP in the CF treatment and through 
urine and ecosan manure in U, E+U and E. The amount of P applied in the E treatment was almost double the 
amount applied via CF (Table 4), since the application rate was based on N content. This might be the reason for the 
high uptake of P in E-treated soil. The observed result indicates that P is another important nutrient for cauliflower 
growth, in addition to N. If enough P was added, the biomass and P uptake could have been higher. This finding also 
agrees with the results on cauliflower reported by Cutcliffe and Munro (1976: 128–130) and the results on spinach 
reported by Kutu et al. (2010). Another study revealed that the uptake of phosphorus from urine during the first 
growth year was 12% higher than that from mineral fertilizers (Kirchmann and Pettersson 1994: 153). 
Significantly (p < 0.05) higher K uptake by plants in E-treated soil than in the other treatments in Deurali in 
2017 and at all sites in 2018 (Tables 6 and 7) might be due to the high concentration (36.26 g kg-1 dry soil) of K in 
human ecosan manure (Table 2). This result shows that applied K might have some effect on the increased yield 
of cauliflower. Increased cauliflower yields due to K application compared to yields under no K application were 
reported by Cutcliffe and Munro (1976: 130). The significantly (p < 0.05) higher Na concentration (almost 50% 
higher than that in the control treatment) (Table 8) in the leaves and flowers of cauliflower grown in U-treated 
soil in Bhot Khoriya was due to the high Na concentration in urine. Although there was no significant difference 
in Na concentrations among the plants at other sites, it is worth mentioning that the concentration was higher in 
the plants from the U-treated soil than in the plants from the other treatments (Table 8). This could lead to a soil 
salinity problem in the long term. The EC in the soil doubled in the urine + poultry dropping treatment studied by 
Amoah et al. (2017).
3.3. Effect of treatment on soil characteristics and soil N status
Compared to 2018, soil pH in Angare in 2017 before treatment was higher. The reason behind this is that the 
experimental farm used in two years was different to minimize the residual effect of the treatment and club root 
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effects in cauliflower. Less technical knowledge about farming, improper management of farm sites and previous 
crop grown might have caused higher soil pH in year 2017. Similar to the effect seen in other studies, CF treatment 
acidified the soil, whereas soil pH was significantly (p < 0.05) increased by 0.16–0.58 compared to that of the 
control as a result of urine and ecosan manure application at all sites in 2018 (Table 10). The lack of a significant 
increase in soil pH in 2017 (Table 9) might be due to the lower amount of urine and ecosan manure applied as a 
treatment. The decrease in soil pH in both years in CF ranging from 0.01–0.72 demonstrates the acidification of 
soil by urea fertilization. EC decreased in the soil after harvest in all treatments except for the chemical fertilizer 
treatment in 2018. Adeoluwa and Cofie (2012: 293) and Adeoluwa et al. (2015: 8) reported improvements to 
fertility and the general conditions of the soil after urine application, indicating its potential as a soil treatment. 
Many studies have reported a significant increase in soil NO3-N as a result of urine application. This study, in 
contrast, showed that the decrease in NO3-N concentration might be due to the low concentration of NO3-N in 
the soil at the initial stage (Tables 9 and 10) and might be due to the loss of NO3-N through volatilization and 
leaching into the environment. In 2017, it was observed that ARE was higher in all treatments at all sites than in 
2018 (Tables 6 and 7). Although ARE was higher in the soil, it could not contribute to the overall growth of the 
plant. The study was carried out in the rainy season, and the soil was wet due to the rain falling every day (Figure 
2). The amount of urine applied in 2018 was much higher in volume compared to that in 2017. This resulted 
in an overflow of urine, which contributed to volatilization and leaching, despite the urine being applied by 
making a hole in a soil, as mentioned by Rodhe et al. (2004: 197). This result also suggests applying less urine to 
minimize volatilization and leaching. The exchangeable cations in the soil were not significantly different among 
the treatments in 2017 (Table 11). However, exchangeable calcium and exchangeable sodium were significantly 
increased in the E- and E+U-treated soils, respectively, in Deurali after treatment compared to those of the control 
(Table 11). Both exchangeable magnesium and exchangeable potassium were significantly increased in E+U-treated 
soil in Bhot Khoriya after treatment compared to those of the control (Table 11). The lack of a significant increase 
in exchangeable cations in 2017 might be due to the lower amount of N applied in the U and E+U treatments. 
This result suggests that urine and ecosan manure applied as fertilizer might have some effect on the soil. The 
nonsignificant differences in some soil characteristics after treatment (Tables 9, 10 and 11) could be related to the 
short period of cultivation, the experiment being conducted in the rainy season and the past land use practices. 
Therefore, further long-term cultivation studies are still needed to monitor the continuous effects of urine and 
ecosan manure on soil fertility together with leaching phenomena.
Conclusion
The results of this study suggest that urine combined with ecosan manure could be applied to the soil as fertilizer 
to improve the soil nutrient status and the agronomic yield parameters of cauliflower. Human urine and ecosan 
manure, which are seen as waste and as an environmental nuisance, could be harvested and used as fertilizer. Thus, 
the dependency on chemical fertilizer could be reduced. Human urine performed better in terms of improving 
soil fertility (increasing soil pH), while human ecosan manure might have residual effects on successive crops 
and is good for soil with both low and high nutrient contents. The application of a moderate amount of urine 
at least twice is recommended for vegetable production. The application of urine in combination with ecosan 
manure might have a more significant effect on crop growth than the application of urine alone. Further research 
in different locations, different soils, and different seasons with different crops is necessary to address the issue of 
low N recovery and to increase soil fertility. 
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Abstract
The study conducted was an investigation of the challenges of sustainable Solid Waste Management 
(SWM) in Lusaka, Zambia’s capital. The problem of SWM has become more complicated and requires 
sustainable long-term programs for its solution as less than 20% of the solid waste collected was disposed 
of properly. Lusaka lacked proper SWM strategies. For this study, data collection comprised of naturalistic 
observations at the main dumpsite in Lusaka and questionnaires to nine waste enterprises mandated to 
collect waste in addition to the Lusaka City Council (N = 10). The study focused on understanding the 
current situation of sustainable SWM, particularly the waste treatment process after disposal. Results 
revealed several challenges affecting an efficient sustainable waste management system, which were 
primarily highlighted as; lack of waste separation at source, insufficient funds and lack of equipment. 
All the private companies interviewed indicated that their role in SWM was basically in collection and 
disposal. Most private companies indicated that they were secondary waste collectors, whereas majority of 
the Community Based Enterprises (CBEs) were primary collectors. From the research findings, treatment 
of solid waste was conducted at very minimal rates and not sustainable. At the dumpsite, the machinery was 
out of service facilitating indiscriminate dumping rather than use of the landfill method. 
Keywords: sustainable, solid waste management, landfill, treatment, dumpsite
Introduction
Globally, around 1.3 billion tons of garbage is generated each day. This translates into each city dweller 
generating about 1.2 kilograms daily. It is estimated that this will increase to 2.2 billion tons by 2025. Sub-Saharan 
Africa generates approximately 62 million tons of garbage yearly. Similarly, in developed countries, the amount 
of waste is rising due to the continuous increase of the population, changes in lifestyle and increasing urbanization 
(Hoornweg et al. 2013).
Solid Waste Management (SWM) is a major public health concern worldwide as poor management of waste not 
only leads to declining environmental health conditions but also contributes to disease outbreaks (Zulu 2019). This 
creates the challenge of how to handle waste, especially after disposal (Guerrero et al. 2013), making sustainable 
solid waste treatment a vital area of engagement for future city development. It is important that effective and 
sustainable waste management practices are developed to ensure that all generated waste is well disposed of and 
treated thereafter. This research thus investigated waste treatment methods in the city of Lusaka, Zambia (based 
in Sub-Saharan Africa) as pertaining to “what happened after” the waste was disposed of and how sustainable the 
treatment methods were.
 Sanitation Value Chain  Vol. 4 (2)  pp.039–050, 202040
UN-Habitat (2010) highlighted that Zambia’s waste generation rates were approximately 0.52 kg per person daily. 
While this may seem modest compared to the 1.2 kg per person generated in developed countries, most garbage 
in the developing world is not collected by municipal collection systems because of poor management, equipment 
failure, or inadequate garbage management budgets, thereby worsening waste management and sustainable disposal 
and treatment, such as the case of Zambia. Zambia Environmental Management Agency (2011) argues that despite 
the existence of a national SWM strategy, the growth of the urban population and increased economic activity had 
resulted in an accumulation of waste. This study is proving the validity and depth of the cited claim by doing a 
further investigation. Even though equipment failure and inadequate budgets was a known problem at the time of 
the study, the UN-Habitat statement on worsening waste management can be further investigated.
Considering that less than 20% of Lusaka’s urban waste was treated after disposal, there was an inherent risk 
of environmental susceptibilities, due to the failure to sort waste. According to the Lusaka City Council and 
Environmental Council of Zambia (hereinafter referred to as the Council or LCC) (2008), Lusaka generates about 
1,000 tons of solid waste daily. The challenge is that only about 300 tons of the waste is disposed of at the 
designated dumpsites and treated in a sustainable environmental manner (UN-Habitat 2010). Management of 
urban refuse in Lusaka is a responsibility of the Council through its Waste Management Unit (WMU), which is 
under the Public Health Services Directorate. In addition, the problem of public health intensifies during the rainy 
season, when outbreaks of various diseases like cholera and dysentery, are generated in most densely populated 
areas of Lusaka. These diseases spread and propagate because of the poor sanitary conditions (Wilson et al. 2012). 
Solid waste is often contaminated with human or animal excreta. Those who handle the waste, or work where the 
waste accumulates, will therefore often be at risk from excreta-related infections and diseases. In 2016, Zambia 
reported about 1,179 cases of cholera, with 31 deaths including eight children (UNICEF Zambia 2016).
The increasing solid waste generated in Zambia coupled with rapid urbanization and development of new 
residential areas was not accompanied by adequate sanitation facilities and management programs (Zambia 
Environmental Management Agency 2011), leaving the Council with less resource to spend on waste management. 
This paved way for the mushrooming of small and medium-sized enterprises that collected solid waste from 
residential areas at a fee (Lusaka City Council and Environmental Council of Zambia 2008). The Council then 
involved the communities in the management of solid waste by introducing Community Based Enterprises (CBEs) 
to control and supplement their efforts. The CBEs reach out to 30% of the city despite the tendency of citizens 
to not pay for the services offered. More than 30% of the population of Lusaka have waste collection through 
informal service providers who are not registered with the Council and therefore do not use the controlled disposal 
facility (UN-Habitat 2010).
Waste disposal is a critical stage in SWM as well as ensuring the waste is taken to the right disposal site. 
However, the most critical stage is waste treatment. Over recent years, the WMU encountered a number of problems 
including inadequate disposal areas and unsustainable treatment methods such as failure to correctly carry out the 
sanitary landfill method at dumpsites, un-managed burning and uncontrolled burying of waste; the implications 
of burning, such as air pollution and production of poisonous gases, cannot be ignored. The practice goes further 
to increase prevalence of respiratory diseases by exposing people to the dangers posed by the explosion of spray 
cans when exposed to fire. Uncontrolled burying of waste too, could pollute the environment. Also, poor disposal 
of non-biodegradable wastes like plastics could be harmful to the environment. Zhang et al. (2011) argues that the 
environmental pollution by plastic wastes is now recognized widely to be a major environmental burden.
According to a research conducted by Hambulo (2014), the most common method for waste treatment in Lusaka 
city was landfilling. This was conducted at Chunga Dumpsite. In landfilling, a layer of waste would be levelled 
and covered with a thin layer of soil. For burying, the aim was decomposition of waste, although this could result 
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into green house effect. Greenhouse effect is one problem of poor waste disposal, but contamination through 
improper waste disposal is also problematic. Burning of waste without incinerators created air pollution and risked 
fire breakouts or explosions (Kasala 2014).
Objectives of the Study 
The purpose of this research was to find out how effective and sustainable the solid waste treatment methods 
were in Lusaka. The specific objectives were to investigate how the solid waste was disposed of and treated after 
collection, such as the methods of treatment used, assessment of how sustainable the current methods of treatment 
were and to investigate the challenges faced in treating waste.
1. Subjects and Methods
1.1. Study Design
The study adopted a qualitative design to get deeper understanding of what really goes on with solid waste 
treatment in Lusaka. Naturalistic observations, at the dumpsite and interviews were conducted. One-on-one 
Interviewers were conducted with all participants. Where interviews were not possible, participants answered 
interview questions in questionnaire format.
1.2. Sample size
The research only covered Lusaka based enterprises involved in collection and treatment of waste (N = 10). These 
included the Council and nine other subcontracted companies and CBEs that were involved in waste management 
around the city. These nine companies were the only selected companies because they were registered with the 
Council and legally known companies operating in Lusaka at the time of the research.
1.3. Sampling method 
The sample of participants was purposively selected due to their essential knowledge and involvement in the 
operations of SWM practices. The nine key respondents were drawn from the Council as these companies had been 
engaged by the Council to collect and dispose of waste in Lusaka. The research also targeted Lusaka’s main legal 
and designated disposal site, Chunga Dumpsite, which was visited for observation purposes by the researcher.
The nature of social research entailed that many ethical issues be taken into consideration when conducting the 
study. Throughout the research, the following codes of conduct were followed: (i) informed consent was received 
from all respondents, (ii) participation was voluntary with freedom of withdrawal, and (iii) respondents were kept 
anonymous to ensure confidentiality. Collected data were only used for academic purposes. 
1.4. Data collection method 
The research involved the use of two different interviews; one specifically for the Council as the main body 
mandated to run SWM and another type for private companies. The interview guide focused on the subject of 
sustainable solid waste treatment methods and what the enterprises were doing about waste treatment. The open 
ended questions in the interview guide also enabled the respondents to express their views on the study. Collected 
questionnaire data was then analyzed using qualitative methods, by creating tables from the available data. For 
naturalistic observation, an observation guide was used at the dumpsite. Naturalistic observation techniques were 
used to observe the situation at the dumpsite in its natural setting and monitor the methods of solid waste treatment 
after disposal. Photographs were also taken of observed sites. 
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2. Results
The following are the results from the interviews with the ten companies. Information of naturalistic observations 
has also been incorporated to give context. Main findings are broken down into four sections namely; (i) Waste 
Collection, (ii) Waste Disposal and Uses, (iii) Solid Waste Treatment and (iv) Sustainability of SWM and 
Challenges Faced.
2.1. Waste Collection
The Council and the enterprises engaged in waste management in Lusaka managed the collection of waste. The 
table shows the company names, areas where the particular company collected waste and the waste collection 
category; either primary or secondary collection. The table shows the enterprises, collection areas (referred to 
as zones) as well as the type of waste collection they are involved in (Table 1). From the research findings, all 
enterprises including the Council had specific areas where waste was collected. These zones were allocated to 
each enterprise by the Council because it was the Council that sub-contracted them. In addition, most of these 
enterprises belonged to a union that protected them if conflicts arose. 
There were mainly two kinds of collectors; primary or secondary collector. Secondary collection involved 
moving waste from the household to the dumpsite, whereas in primary collection, household waste was first 
moved to a container before another company collected it for disposal at the dumpsite. A map showing waste 
collection sites in Lusaka, Zambia has been attached (Figure 1).
Most companies indicated that they were both primary and secondary collectors. For instance, the Council, 
a secondary waste collector, collected waste from three zones (the central business district and two residential 
areas within its vicinity). Private companies like CITIMOP, also a secondary waste collector, collected waste 
from two groups of clients; corporate companies like hotels and the airport, and planned conventional residential 
areas. CBEs on the other hand, involved individuals or a group of people from the community who predominantly 
collected waste from unplanned settlements or areas. In addition, majority of the enterprises indicated that they 
collected waste from their jurisdictions once or twice a week. Enterprises that worked with corporate and/or 
institutions producing mass waste such as hotels collected waste on a daily basis. 
2.2. Waste Disposal and Uses
It is sufficed to mention that all the secondary waste collectors interviewed stated that they all disposed of their 
waste at the main dumpsite. When asked if at all these companies did anything to the waste after disposal, majority 
of the CBEs indicated that they used the waste for other purposes, whilst the private companies indicated that they 
did not do anything with the waste. The majority of the CBEs highlighted that they were involved in recycling 
and reusing waste and also indicated that they sold the waste to manufacturing companies who made various 
products like egg trays, chairs, electricity pipes, plastics and other kinds of papers. Table 1 also shows the names 
of the enterprises, the disposal sites and the various uses of the waste after collection. The table shows the name of 
each enterprise, the disposal site and ways in which waste was used or handled after collection. The disposal sites 
varied from across enterprises depending on whether the enterprise was a primary or secondary waste collector. 
According to this research, a primary collector only collected waste from the households or community to a 
waste point or container in the community, awaiting for the Council or assigned enterprise to take the waste to the 
dumpsite. On the other hand, a secondary waste collector included those enterprises that collected waste to the 
final waste disposal dumpsite at the main dumpsite.
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No. Name of Enterprise Collection Sites Collection Category Disposal Site Waste Uses
1 Lusaka City Council Town, Thorn Park, Villa Secondary collection Main Dumpsite Recycle and reuse waste
2
HW Solid Waste 
Management (SWM) 
Company
Chipata compound, 
Makeni, Town Central, 
Industrial Area
Primary and 
Secondary collection Main Dumpsite
Sell papers, plastics to 
companies
3 CITIMOP Limited
Companies, Longacres, 
Northmead, 
Rhodes Park, 
Fairview, Makeni
Primary and 
Secondary collection Main Dumpsite None
4 Kutwano SWM Company Ng’ombe Compound Primary collection Ngombe Compound
Reuse and recycle waste 
with Manja-Pamodzi 
initiative
5 Chinvano-Nichabwino Enterprise George Compound Primary collection George Compound
Recycle plastic and 
paper waste
6 G.P and  J Management Services Kaunda Square Stage 2 Secondary collection Main Dumpsite Recycle waste
7 Amano Sewerage and Sanitary Services Matero Secondary collection Main Dumpsite None
8 Recika Company Matero Primary and Secondary collection
Matero and  
Main Dumpsite
Recycle and compost 
making
9 Clean Fast Limited
Marshlands, Roma, 
Handsworth, Kalundu, 
Jesmondine, Olympia
Secondary collection Main Dumpsite None
10 Twincare Cleaning Services Avondale Secondary collection Main Dumpsite None
Table 1. Enterprises engaged in solid waste management in Lusaka.
Figure 1. Map showing waste collection sites (red dots) in Lusaka, Zambia.
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2.3. Solid Waste Treatment 
Landfilling was the most common waste treatment method used by the Council. This had not been effectively 
carried out for the past three years due to equipment failure. As a result, the landfilling equipment that was 
supposed to compact the waste by covering it with soil to prevent breeding insects and other dangerous diseases, 
and reduce the area occupied by waste could not function. Burning was also another treatment method carried 
out at the dumpsite using incineration. There was a fairly big, traditional incinerator at the site where expired 
goods, chemicals or harmful substances were burnt down. Incineration was usually for goods that were considered 
harmful to the society. The Zambia Bureau of Standards and other relevant authorities took up the mandate to 
incinerate such goods so that they were not sold to the public or consumed by the people at the site. The treatment 
methods were controlled and conducted only by the Council and other standards regulatory bodies like Zambia 
Environmental Management Agency (ZEMA). Figure 2 shows crude dumping at the dumpsite, with little or 
no landfill method of waste treatment as observed at the site. At the time of the research, there were only two 
machines managing the Chunga Dumpsite whilst the main waste compacter had been down for over three years.
2.4. Solid Waste Management and Challenges Faced 
This segment was only answered by the Council. As regards to the extent to which the treatment methods used 
were effective, the Council stated that the landfill method was the best waste treatment method. By design, the 
Chunga Dumpsite was built to last for 25 years on the same piece of land, provided that the necessary equipment 
and personnel were available to conduct the landfill activity effectively. However, with the observed mode of waste 
disposal and equipment failure, the facility was not expected to last up to the stated years of capacity. The site had 
been transformed from a landfill to an indiscriminate dumping site. In the 13th year of operation, the dumpsite was 
almost full. On the other hand, incineration was found to be more long lasting, permanent, durable and sustainable 
because waste was completely reduced and burnt to ashes. Also, dangerous products could be reduced completely 
without toxic gases released because waste products were burnt down at very high temperatures. As a result, less 
or no land was occupied as compared to the landfill method. Even with this, the site only had one incinerator.
2.5. The Conditions of Waste Pickers and workers at the Site
Members of the public who worked at the site searching for useful materials in order to earn a living were 
very easy to spot. Both the adult waste pickers and children faced more constant occupational risks and injuries 
Figure 2. Crude dumping at Chunga Dumpsite (main site), Lusaka.
 (Taken by the authors)
 Sanitation Value Chain  Vol. 4 (2)  pp.039–050, 2020 45
while working at the dumpsite. Figure 3 shows the poor sanitary conditions for workers and waste pickers at the 
dumpsite. The workers included; the Council workers and the waste collectors who transported the waste. For the 
most part, the Council officers worked in very poor health and hygiene conditions. Even though there were some 
measures in place to protect their health, they were only given milk to drink, whilst their bodies were still exposed 
to diseases and other harmful substances without any protective gear.
3. Discussion
3.1. Waste Collection
The Council stated that its role was to ensure the city’s cleanliness through proper SWM at all levels; household, 
corporate and commercial. According to the Japanese Ministry of the Environment (2014), municipalities were 
responsible for properly managing waste in areas under their respective jurisdictions and implementation of 
measures to construct, improve and maintain waste management facilities. The Council’s role was to supervise 
waste management activities and conduct routine inspections of both private enterprises and CBEs, and ensure 
that the laws and by-laws on illegal waste management were enforced and adhered to. 
The majority of the private enterprises indicated that their role was primarily in collection and disposal 
of waste as either secondary or primary collectors. Secondary collection involved moving waste to the final 
dumpsite while primary did not. The Council indicated that its collection of waste was an ongoing process by 
routine (regular collection points) and on-call, in cases where waste might have been dumped poorly, illegally 
or was not managed as per regulation and standards (Kalembwe 2014). The Council was to ensure the smooth 
running of SWM operations.
3.2. Waste Disposal and Uses
From the observations, the dumpsite in Lusaka was not fully utilized due to a poor waste disposal system of 
merely indiscriminate disposal and piling up of waste without undertaking landfill method which was the sole 
purpose of the main dumpsite. Edema et al. (2012) highlights that only a fraction of the solid waste generated in 
urban areas was collected and disposed of at the designated sites. The remaining uncollected waste was left on 
the streets, roadsides and drainages, resulting in the outbreak of cholera and other diseases and contributing to the 
general deteriorating of the environment, which has become an urgent issue in Zambia.
Figure 3. Poor sanitary conditions for workers and waste pickers, Chunga Dumpsite.
 (Taken by the authors)
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A private company, CITIMOP enterprises, indicated that though they were only into waste disposal services, 
they were considering engaging in recycling and reuse of waste in future. On the other hand, a company called HW 
SWM enterprises highlighted that they supplied various companies waste for reuse and recycling, like cart boxes 
and plastic materials. However, HW SWM indicated that it was an expensive venture to engage in recycling waste 
due to resources and time spent on waste sorting, with the money obtained being insufficient to cover costs (Sakala 
and Moyo 2017). According to the Japanese Ministry of the Environment (2014), all stakeholders must come on 
board. Japan placed the responsibility for sorted waste disposal on consumers, collection on municipalities, and 
recycling on business operators; requiring these three entities to work together to promote the recycling of waste. 
The Council indicated that it was involved in recycling and reuse of waste, having worked with an inventory of 
recycling companies for over 10 years. Figure 4 shows a female waste picker carrying disposed waste for recycling.
The dumpsite was normally crowded by waste pickers and scavengers because waste collection had become 
a growing business due to recycling. Emerging recycling companies in Lusaka’s industrial area usually bought 
plastic materials for their trade (Mengo 2018). Madekivi (2017) also argues that some companies in Lusaka have 
implemented waste separation systems to take care of their corporate social responsibility; though the system is 
not yet ideal, recycling of waste has increased.
3.3. Solid Waste Treatment 
All the private companies and CBEs indicated that the treatment of solid waste was entirely the responsibility 
of LCC, as their role in waste management ended at the disposal phase. The Council accepted responsibility of 
waste treatment and indicated that waste treatment would be a much easier process to undertake if there was waste 
sorting and separation at the source, particularly household level. According to the Ministry of the Environment 
(2014) consumers generating waste are responsible for promoting waste recycling by using recycled products 
and for reducing waste disposal or sorting waste to be disposed of, thereby cooperating with national and local 
governments in their efforts to reduce and properly manage waste. Japan’s main strategies focused on waste 
reduction at source and recycling, with the complements of incineration and landfills, in order to build a recycling-
based society. Measures implemented were draft laws like implementing mandatory household waste classification 
recycling and building thermal waste treatment facilities that turn waste into energy. Results obtained were that 
solid waste disposal rate decreased from 10.5 million tons in 2000 to 5.07 million tons in 2009. 
However, in Zambia, waste separation only occurred at about 20% as most of the sorting for reuse and recycling 
Figure 4. Female waste picker carrying disposed waste for recycling.
 (Taken by the authors)
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was done at the Chunga Dumpsite. Treatment of unsorted waste was very difficult to conduct, greatly reducing its 
effects. In addition, poor utilization of the dumpsite also resulted from lack of machinery and insufficient funds 
to run the landfill to its maximum potential. Burying and burning of waste was not also conducted. The Ministry 
of the Environment (2014) emphasized developing a new system that included consumers and manufacturers for 
minimizing the total amount of waste by promoting recycling.
Madekivi (2017) argues that most recycling in Lusaka is done after disposal, mainly by waste collectors in 
unplanned settlements and waste pickers at the landfill who collected from unsorted waste. Dumpsites were found 
to lack security measures. The site was not properly fortified and protected from unauthorized persons. The wall 
fence surrounding the dumpsite lay in ruins with very few Council police to control entrance into the facility. 
Illegal scavengers, who usually invaded the site looking for what to pick, reuse or sell to companies and/or 
communities were often seen at the site (Silimina 2019). With challenges by the Council to control the facility and 
regulate those who entered, it continued to be vandalized and had become a good breeding ground for diseases 
and infections that spread from the dumpsite to surrounding communities (Figure 5). Figure 5 shows proximity of 
households to the Chunga Dumpsite.
Despite control measures through registration of persons accessing the area, it seemed there was very little 
adherence from the community members as some would use other means of entering to access the waste, e.g., 
jumping over the wall fence. One could still argue however, that even the registration procedure was not effective 
when one compared the number of people who were registered to access the place and the number of people seen 
in the facility. 
Despite all these challenges, it was solely the duty of the Council to treat waste. It is important to note that the Council 
had taken up the role to encourage and educate the public in environmental and sustainable SWM through burying 
organic or degradable waste. Making of organic compost was mostly done at household level, though at low rates.
3.4. Solid Waste Management and Challenges Faced 
There were various challenges that the Council encountered as it endeavored to sustainably treat waste at the 
dumpsite. Firstly, the inability for some members of the public to pay for waste management services forcing the 
Council and enterprises to operate on minimal to no funds for staff, machinery, maintenance and transportation. 
Illegal collection and dumping of waste was a challenge too. There was a tendency by illegal waste collectors to 
collect waste from people and dump it in areas that were not approved for waste disposal, creating financial burden 
Figure 5. Proximity of households to the Chunga Dumpsite (approx. 25 m radius).
 (Taken by the authors)
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for the Council that was responsible for the city’s waste management, including collection of poorly disposed 
waste. Being unregistered, it was difficult for the Council to make claims over poorly disposed waste or recover 
funds collected by illegal collectors, further hampering the Councils work. 
The monitoring of enterprises subcontracted to assist in SWM in regards to the rate of Lusaka’s growth and 
expansion was also a challenge. Solid waste areas are grouped into zones and districts referred to as catchments. 
It is through the smaller segments called catchments that the Council monitors the collection, disposal and 
management of waste. However, some areas, especially unplanned settlements, tend to be vast and over populated 
making effective monitoring a huge problem for the Council. 
Lastly, there was a lack of enough trucks for waste collection. The lack of transport also hindered the effectiveness 
of the Council in conducting inspections of subcontracted enterprises. According to Edema et al (2012), limited 
resources in terms of money, skilled manpower and logistics make it very difficult to handle the bulk volume of 
solid waste being generated, creating an enormous challenge for institutions charged with SWM.
3.5. Recommendations
Firstly, waste treatment would be a much easier process to undertake if there was waste sorting and separation 
at the source, particularly the household. This can be achieved by the introduction of plastic bags or containers 
clearly stating the kind of waste that should be in a particular container. Secondly, the government, Council and 
all other stakeholders need to ensure that the intended purpose of the dumpsite is fulfilled. New machinery and 
frequent maintenance thereof is required. Also educating people on policies and enforcing laws governing garbage 
disposal, especially those concerned with collection, transportation and disposing of garbage should be coupled 
with stiffer punishments and charges. Thirdly, Government should introduce a subject on SWM and its impacts 
on the environment in both primary and secondary schools focused on the benefits of sustainable solid waste 
treatment and waste sorting from source (homes, offices and schools). Lastly, the Council and its stakeholders 
must attach the solid waste collection fee to other public fees such as water or electricity. This would ensure that 
no one escapes paying waste management fees and reduce on waste collection from illegal collectors.
Conclusion
From the findings of the study, treatment of solid waste was done at a very minimal rate. Observations from 
Chunga Dumpsite revealed that landfill machinery was non-operational, facilitating crude dumping rather than use 
of the landfill method. The dumpsite was originally projected to last for about 25 years, but observation indicated 
it was almost up to capacity in its 13th year. The problems that affected an efficient waste management system 
in the city of Lusaka had been highlighted on three main issues: the lack of ways to increase more sustainable 
waste treatment methods in place due to no waste separation at source, insufficient funds and lack of equipment 
to undertake the landfill method on site. 
The shortage of equipment has been to a larger extent due to lack of vehicle standardization. Inappropriate refuse 
collection vehicles and the poor revenue collection system by the LCC have also contributed to the deterioration 
of services in the entire management of the city’s refuse. The government and the Council indicated intention to 
repair or buy new machinery for landfill purposes. Finally, lack of political will also contributed significantly to the 
worsening situation of waste management in Lusaka. Less financial attention was given to the waste management 
sector, and as a result, the dumpsite was no longer treating waste as expected. This study went beyond these claims 
by having close observations, engaging contracted companies and researching on how waste is actually handled. 
Also, this manuscript is going to be among very few literatures available on SWM in Zambia.
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Abstract
Although numerous studies have argued that sanitation workers play a significant role in the existing 
sanitation system while being at the cost of their health and dignity in an inappropriate work environment, 
they are often socially ostracized, and hence understudied to date. This study aimed to examine the current 
state of garbage workers, who engage in unloading and sorting garbage along with a particular focus on 
exploring personal hygiene, dignity, and socioeconomic diversity. This study examined these aspects in a 
sample of seven garbage workers in an urban slum of Indonesia through participatory and interview surveys. 
The results showed that there were several particular sanitation-related issues affecting workers: wetness 
(e.g., menstrual products and animal corps), dirtiness, and hazardous garbage (e.g., medical syringes and 
broken glasses), which contributed to serious health-risk exposures. Participants reported high levels of 
feeling of safety and potential health-risk awareness; however, this study also demonstrated low levels 
of risk-controlling behaviors, representing no proper safety gears caused by two unique factors: physical 
discomfort and work inefficiency. Results also revealed the diversity in income generation accompanied 
by that participants work in the exclusive circle comprising family members, which may implicate their 
economic affluence. While dignity in/at work was entrenched in some workers in the context of social abuse, 
reframing process (e.g., affirmation) and hierarchical comparisons helped them experience their value in/
at work. These findings need to be discussed in relation to past and recent studies in other economically 
developing countries for a better understanding of this population.
Keywords: garbage worker, occupational condition, socioeconomic status, personal hygiene, dignity, urban slum
Introduction
Achieving improved sanitation is a central determinant of assessing people’s wellbeing (WHO 2018) as 
championed by Sustainable Development Goals (SDG 6) by the United Nations aiming to “by 2030, achieve access 
to adequate and equitable sanitation and hygiene for all”.1) Prior to this international endorsement of the emphasis 
1)    70/1. Resolution adopted by the General Assembly on 25 September 2015, “Transforming our World: The 2030 Agenda 
on Sustainable Development”, United Nations, 21 October 2015. https://www.un.org/en/development/desa/population/
migration/generalassembly/docs/globalcompact/A_RES_70_1_E.pdf (Accessed November 28, 2019)
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on sanitation, a considerable number of readers of one of the leading medical journals, British Medical Journal, 
have chosen the introduction of clean water and sewage disposal representing “the sanitary revolution” as the most 
important medical milestone since 1840 (Ferriman 2007). This clearly indicates that sanitation is an important 
dimension in understanding and evaluating health in everyday life. According to World Health Organization 
(WHO), sanitation generally refers to “the provision of facilities and services for the safe management of human 
excreta from the toilet to containment and storage and treatment onsite or conveyance, treatment and eventual 
safe and use disposal” (WHO 2019a). Furthermore, its broad definition covers “safe management of solid waste 
and animal waste”, simultaneously suggesting that sanitation workers (e.g., garbage collectors and waste pickers/
scavengers) may play a significant role in sanitation chain, and hence more studies targeting this population would 
be important to be addressed in terms of their social significance and worth. 
 In contrast with the worldwide trend in focusing attention on sanitation, much less is known about people 
engaging in the existing system, that is, the current state of sanitation workers regardless of their essential roles. In 
this regard, WHO displays that although they “bridge the gap between sanitation infrastructure and the provision of 
sanitation services”, these populations are “often at the cost of their dignity, safety, health, and living conditions” 
but “far too often invisible, unquantified, and ostracized” (WHO 2019b). Studies have shown that, in urban 
in developing countries, municipal solid waste management has been a massive challenge in multiple aspects 
compared to the waste management situation in industrialized countries (Medina 2005; Rodic et al. 2010). In 
this existing issue, recycling of municipal solid wastes in cities in economically developing countries is mainly 
dependent on informal waste recovery by scavengers, simultaneously showing that 2% of the populations in Asia 
and Latin America engage in waste picking to make ends meet (Medina 2000; Wilson et al. 2009 Gunsilius et al. 
2011). Generally, these people as referred above are known as “waste pickers”, “scavengers” or “rag pickers”, who 
engage in collecting, sorting, and recovering materials that are deemed to be waste for reuse or recycling (Medina 
2000; Wilson et al. 2006). In this respect, waste disposal sites (i.e., garbage collecting sites) are considered to be 
places where all forms of garbage come from urban and industrial and commercial areas, and that is, exposure to 
wide-ranging health risks along with improper safety procedures/gear would be a serious issue to be concerned and 
addressed by concerning authorities (Cunningham et al. 2012; Amegah and Jaakkola 2016; de Diana et al. 2018). 
In a study (Matter et al. 2013), socioeconomic aspects such as high unemployment rate and a considerable 
number of urban poor are suggested to be the key contributors to these informal recycling activities. In this 
context, Montgomery (2008) argued that more than half of the entire population in the world lives in urban areas, 
which is accompanied by that over half of the residents in low- and middle-income counties will reside in cities by 
2030. This situation contributes to the fact that poverty such as slums in these urbanized areas is also increasingly 
seen (Pradhan 2017). Slums are characterized as crowding population density in residential areas, environmentally 
fragile and socially marginalized (Wratten 1995; Nolan 2015). Indeed, urban growth accompanied by a rapidly 
increased population and the urbanization of poverty has been faced with inadequate capacity in provision of 
sufficient services in water, sanitation and garbage collection (Yach et al. 1990), which may explain significance 
of people engaging in garbage work.
In addition to potential physical risks in unsafe and unhealthy working conditions and the increase in urban poor 
as discussed earlier, the UN has also indicated social stigmatization in SDG 82) as an important issue to address, 
which simultaneously implicates that self-esteem and dignity of workers are another important dimension to 
2)    70/1. Resolution adopted by the General Assembly on 25 September 2015, “Transforming our World: The 2030 Agenda 
on Sustainable Development”, United Nations, 21 October 2015. https://www.un.org/en/development/desa/population/
migration/generalassembly/docs/globalcompact/A_RES_70_1_E.pdf (Accessed November 28, 2019)
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explore. Indeed, some study raised awareness that these populations live in both physically and socially hostile 
environment (Wilson et al. 2009). In the extreme case, in a work by Medina (2000), scavengers were socially 
abused through a “social-cleansing” campaign that was once aimed to expel them out of neighborhood by 
some paramilitary groups. While there are a range of perceptions regarding the concept of workplace dignity 
in a Western context, such as decent work conditions (e.g., paychecks and terms) and self-related aspects (e.g., 
equality, worth, autonomy, respect, and satisfaction) (Berg and Frost 2005; Lucas et al. 2013), Hodson (2001: 
3) placed an emphasis on establishing (1) self-worth and (2) self-respect and (3) acquisition of respect from 
others. Bolton (2007: 8, original italics) highlighted these dimensions as discussed above more differentially 
and comprehensively: the study described that dignity in work may be understood as meaningful and intriguing 
along with “responsible autonomy”, socially acknowledged esteem and respect while platforms offering fair 
treatment (i.e., opportunity), “collective and individual voice, safe and healthy working conditions, secure terms 
of employment and just rewards” would help to attain dignity at work.
This study aims to extend our understanding of garbage workers’ dignity in/at work by considering workers’ fear 
of negative appearance evaluation (FNAE). According to Watson and Friend (1969), fear of negative evaluation 
represents one’s apprehension and distress over others’ evaluations or negative evaluations towards the person. 
Given this global concept, Thomas et al. (1998) have extended the general understanding of FNE by developing a 
new measure (Fear of Negative Appearance Evaluation Scale: FNAES) based on Brief Fear of Negative Evaluation 
Scale (Leary 1983) to explore relationships with appearance-related dimensions (i.e., body image). A follow-up test 
of this newly created measure was conducted, which demonstrated its relationships with a wide range of dimensions 
such as social physique anxiety, body image, eating attitude, and mood (Lundgren et al. 2004). In a recent study, 
FNAE has been significantly associated with cosmetic surgery attitudes among midlife women, showing its extensive 
usefulness in examining unique dimensions (Dunaev et al. 2018). To the best of our knowledge, no previous studies 
have extended the measure in the context of dignity in a specific population as garbage workers. In this sense, this 
study will add to this literature as discussed earlier that may warrant further test in the other diverse populations. 
These situations in earlier discussion may lead to a proposition that, garbage workers are vulnerable to lower self-
esteem and dignity compared to the others in/at different works. This is an important dimension to explore because, 
in a specific environment as a slum constituting urban that is often neglected and out of reach of local authorities 
and communities along with economic impoverishment (UN-HABITAT Urban Secretariat and Shelter Branch 
2002), ostracism and social ridicule may persist and augment in the specific population (e.g., garbage collecting 
sites) due to the nature of their work. Therefore, examining the current state of garbage workers multidimensionally 
is also important from a practical point of view, as it may identify people that require targeted intervention. 
In the present study, we aimed to examine personal hygiene, dignity, and economic diversity of sanitation 
workers (i.e., garbage workers) in urban slum of Indonesia. To the best of our knowledge, no existing studies 
have directly addressed this specific population by adding participation (i.e., engagement in the same work as 
workers’) to interview survey. That is, lack of empirical research would be one of the main limitations of this 
current body of research on drawing a richer picture of the current conditions of these workers. Based on this, 
this work specifically explored potential issues related to sanitation and health, and wellbeing of garbage workers, 
along with three hypotheses as follows:
(1)  Garbage workers would be exposed to an inappropriate work environment and hence a range of health risks 
on a daily basis due to the inherent unpleasant nature of their work.
(2) Socioeconomic affluence would be restricted among garbage workers.
(3)  The current work environment as well as the nature of the occupation may contribute to low levels of dignity 
of garbage workers in/at work.
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1. Method
1.1. Participants
In this study, seven participants (garbage sorters) were recruited at a temporal collection site (Tempat 
Penampungan Sementara: TPS) in Rukun Warga (RW)—a community association comprising several Rukun 
Tetangga as (RT, neighborhood association)—of some district (i.e., slum) in Bandung (state) in West Java 
Province, Indonesia. A limited number of workers were selected as participants for this preliminary study as these 
workers are the members who work at a temporal collecting site as referred above on a daily basis along with 
age diversities. Although the definition of a slum is heterogeneous by country, state and city (Nolan 2015), the 
area where the research was conducted is generally considered as a slum constituting an urban area of Bandung 
particularly in terms of residential crowding (Otsuka et al. 2018). 
This work comprising actual participation in what garbage workers engage in and interview surveys was 
conducted to participants in the end of August in 2019, which lasted seven days. Prior to this study, a local 
authority and participants were approached by a principal investigator in advance and were given a full explanation 
that the research was aimed at obtaining general information of garbage workers and investigating specifically 
the individual’s values towards sanitation and health. For ethical procedure, this study was conducted under 
supervision of Indonesian Institute of Sciences (LIPI) that is empowered by Memorandum of Understanding 
(MoU) with Research Institute for Humanity and Nature (RIHN) in Japan.
1.2. Measures
The present study was conducted based on mainly two methods: participatory survey and interview survey 
coupled with questionnaires.  
Participatory survey
Participatory survey here refers to engagement in garbage collecting with sanitation workers aiming at examining 
two following aspects:
1) How garbage workers perceive and behave towards sanitation.
2) Whether they wear safety gear and how they physically cope with sanitation-related issues.
Interview survey
Self-made questionnaire survey coupled with established body image scale was subsequently administered 
to participants by means of interview. Questionnaires were conceptualized and developed through multiple 
times of discussion with Indonesian and Japanese researchers who have experiences in targeting garbage 
workers in their previous studies. Throughout the interviews, utmost attention was paid to items as they 
contain sensitive expressions so as to avoid unconsciously emotional discomfort. Besides, with the aim of 
protecting privacy, every term associated with study participants in the present study was deleted (from each 
figure as well).
Questionnaires comprise the following contents:
1)  Demographics (age, ethnicity, parents’ occupation, partner’s occupation, area people are from and years of 
working at TPS).
2)  Satisfaction/dissatisfaction towards sanitation-related issues and a work environment (sample item: Do you 
feel annoyed by odor while working?). In this term, we asked participants on how potential sanitation-related 
issues at garbage collecting site affect (affected) them through interviews. That is, interviewers asked each 
interviewee on the previous and current states of the disturbance level of these issues.
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3)  Self-consciousness of what others think of his/her job (sample item: Do you care how people think of 
your job?).
4) Work gear (sample item: What do you usually wear to your work place?).
5)  Self-consciousness (awareness) of health risk exposures (sample item: Do you think of your potential risk for 
exposure to various diseases while working?).
6) Body image (FNAES) (Lundgren et al. 2004).
Fear of Negative Appearance Evaluation Scale (FNAES)
The six item scale was developed from the modified Brief Fear of Negative Evaluation Scale (Leary 1983); the 
instrument asked respondents to rate the extent to which the one feels fear of his/her negative appearance (sample 
item 1: I am concerned about what others think of my appearance, sample item 2: When I meet new people, I 
wonder what they think about my appearance) on a 5-Likert scale (1 = Not at all, 5 = Extremely). In previous 
studies (Lundgren et al. 2004), FNAES demonstrated significant relationships with a variety of body image and 
social anxiety scales, potentially showing its utility in diverse fields. The present study used this instrument to 
assess garbage workers’ wellbeing. 
Since Bahasa Indonesia is an official language and extensively spoken in Indonesia, each item of the 
questionnaires that were developed in English were all translated into a local language by some fellow Indonesian 
researchers who are fluent in both English and Bahasa Indonesia when administered to the participants. Hence, 
the interview was conducted by both English and Bahasa Indonesia speaking researchers in order to bridge the 
language gap between interviewers and interviewees. 
2. Results and Discussion
2.1. Characteristics of study participants and garbage collecting sites (TPS)
Table 1 shows the descriptive characteristics of study participants. The mean age of participants was 35.6, 
ranging between the ages of 23 and 56 years old. More than half of the participants live in the outskirts of 
Bandung. Results showed that parents of some participants were garbage workers (sorters) that are shown by two 
for father’s and one for mother’s, respectively. In this regard, strikingly, the results regarding partner’s occupation 
also revealed that a partner (spouse) of three participants engages as a garbage worker at the moment. The findings 
of the study suggest that people may engage in garbage sorting as a family business (Wilson et al. 2006) which is 
supported by some participants mentioning in the interview that they were asked to join garbage-working forces 
by their parents or spouses and the fact that some of the workers engage in garbage sorting with their parents, 
spouses, siblings or children. Five participants were shown to engage in their current job as a garbage sorter for 
more than four years. 
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2.2. Cash flows at garbage collecting sites (TPS) 
Figure 1 shows the cash flow at TPS. Initial payment will be made to garbage collectors (Indonesian Rupiah 
(IDR) 10,000/household/month) and RW 02 from each RT (IDR 3,000, 5,000 or 7,500). Cash that is generated in 
this payment by these two stakeholders (RW 02: 100,000/RW/month, garbage collectors: IDR 10,000/cart/trip) 
will go to a person (garbage sorter) in charge at TPS, which will subsequently be distributed to each stake holder 
as follows: truck driver (IDR 500,000/month), 20 garbage sorters (IDR 50,000/person/month), RW 05 for security 
(IDR 1,300,000/month), Supervisor from PDK (a government-owned company in providing cleaning services: 
IDR 150,000/month), a junkshop owner located next to TPS (IDR 600,000/month), and vice head of TPS (IDR 
250,000/month). 
Figure 2 shows income sources of TPS workers. Payment and cash transaction occur in the following scenes: 
(1) payment from each RW as also shown in Figure 1 (IDR 50,000/person/month), (2) unloading garbage from 
collectors (IDR 10,000-20,000/cart/trip), (3) unloading garbage from residents (IDR 5,000–20,000/garbage), and 
(4) selling separated garbage to a junk shop (IDR 30,000/day). Figure 3 breaks down how workers at TPS generate 
income in the process of unloading and sorting garbage from collectors. Some study argues that income generation 
is also dependent on the levels of sorting differentiation; according to Wilson et al. (2006), for example, the value 
of plastic can be higher when it is separated into multiple categories rather than grouped into one major category. 
Item
Age (mean, min, max) 35.6, 23, 56
Ethnicity (n, %)
Javanese 0 0
Sundanese 7 100
Others 0 0
Mother’s occupation (n, %)
Housewife 4 57
Garbage sorter 1 15
Farmer 1 14
Others 1 14
Father’s occupation (n, %)
Construction worker 3 43
Garbage sorter 2 29
Craftsman 1 14
Others 1 14
Partner’s occupation (n, %)
Garbage sorter 3 43
Housewife 3 43
Not yet married 1 14
Origin (n, %)
Cicalengka 2 29
Cipeundeuy 2 29
Sumedang 1 14
Bandung 1 14
Kiaracondong 1 14
Years working at TPS (n, %)
< 4 years 2 29
>= 4 years 5 71
Table 1. Characteristics of participants at garbage collecting site (TPS) (n = 7).
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This sorting skill was confirmed in a veteran at TPS by the interviewer (Figure 3), which may contribute to 
different levels of income among workers that warrants further investigation. In this sense, some study conducted 
in Bangladesh suggests that promoting segregation at the household level may preserve the value of recyclable 
materials and also contribute to reducing substantial amounts of unnecessary wastes (Matter et al. 2013), which 
suggests that this may provide workers with better access to clean and sortable recyclables that could potentially 
elevate the value and income accompanied by improved environmental conditions. However, the study in the 
country above also argues that increasing refuse segregation at household level could provide better access to 
recyclables for the other actors involved in waste business such as recyclables buyer and waste collector—if 
they exist—, which may contribute to lowering waster pickers’ income (i.e., garbage workers at TPS) due to 
less valuable items in the mixed waste. On the other hand, a study in Bangalore, India (Shah 1999) suggests that 
alternative employment such as working at a recycling center through communitarian interventions for further 
segregation and composting could be a way to provide these workers with more beneficial elements such as 
less social stigmatization (harassment), increased social visibility (social recognition), and stable income. In this 
regard, further studies will be necessary to explore potential actors involved in waste business to further explore 
economic aspects of garbage workers.
Figure 2. Income sources of garbage workers (TPS).
Figure 1. Cash flow at garbage collecting site (TPS).
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2.3. Participants’ values on sanitation and work environment
Table 2 shows sanitation-related values of study participants that comprise satisfaction towards work environment, 
awareness of health-risk exposure, and self-consciousness on what others think of his/her job. Firstly, the most 
annoying sanitation issue was wetness (3), which is followed by odor (2), dirtiness (1) and others (1). Wetness that 
is referred here shows the state of garbage representing liquids or a rain puddle. Secondly, as explained earlier in 
the method, participants were asked to rate the extent to which they feel disturbed by each of three main possible 
sanitation issues that are wetness, odor and dirtiness before and after they started working at TPS. As to wetness, 
more than half (4) of the workers reported that they were initially disturbed by the issue, whereas six reported no 
disturbance currently. As to odor, while three study participants answered being negatively affected, six reported 
no disturbance currently. On the other hand, disturbance levels of dirtiness remained the same (5) in the case of 
both before and after the participants started working at TPS, respectively. Some respondents supported this result 
answering that they were already determined and were aware of the horrible work environment in advance before 
they engaged in their current job, which may moderate the sensation of disturbance. Though wetness and odor 
seem more likely to influence the workers, compared to dirtiness, these two issues may be moderated in the similar 
manner to dirtiness by their determination and them reporting getting accustomed to the issues. While individual 
voices through interviews are important to note, these findings need to be treated with caution. In this term, workers’ 
preparedness is a reflection of denials of dignity, endorsing subservience related to social taint that could contribute 
to lower levels of social esteem in dignity at work (Ashforth and Kreiner 1999; Bolton 2007; Hamilton et al. 2019).
Figure 3. (a) Cash generation in unloading and sorting process at TPS. (taken by the authors: A.S., K. U. and M. I.)
(b) Sorted waste. (taken by the authors: M. I.)
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*IDR: Indonesian Rupiah, 1USD = 15,735 IDR
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Item n %
Most annoying sanitation issues
Wetness 3 43
Odor 2 29
Dirtiness 1 14
Others 1 14
Disturbance level  (initial state)
Wetness
Never 3 43
Sometimes 2 28
Always 2 29
Odor
Never 4 57
Sometimes 2 29
Always 1 14
Dirtiness
Never 5 71
Sometimes 2 29
Always 0 0
Figure 4 shows that the workers were observed to engage in unloading and sorting garbage without proper 
safety gear to guard themselves from being exposed to every possible sanitation issue, which may support their 
rationale as written above; some workers were also observed to eat food barehanded without washing (Figure 
4(a)). Specifically, despite the fact that the workers raised two garbage as the most dangerous representing 
medical syringes (4) and broken glasses (2) (Figure 4(b)) that are characterized by edgy, and animal corps (4) 
and menstrual products (3) as most uncomfortable to touch, the workers do not wear masks, gloves nor boots 
(Figure 4) based on the main reason that these gear can cause physical discomfort such as itchiness and heat, and 
hence inefficiency in work. In reality as shown in Figure 4(c), some worker was exposed to injuries in his foot 
that was caused by broken glasses. The worker headed back to work after being provided first aid with water and 
cloth to wrap up his wounded foot without sterilization. This situation implicates low levels of risk controlling, 
which may also contribute to subsequent risks such as infection. In contrast to these seemingly inappropriate 
work styles, all workers but one reported the feeling of safety while working (Table 2). The other workers have 
mentioned in the interview to support this proportion that they can be precautious in working even without proper 
safety gear. However, the reality demonstrated that being self-conscious/aware of potential health risk exposures 
seems unlikely to compensate for not wearing proper safety gear in the context of potential chances of getting 
wounded. Taken together, it is reasonable to expect that their current work conditions may predispose them to be 
frequently exposed to wide-ranging health risks as shown in respiratory diseases, physical wounds and the other 
communicable diseases that are physically preventable with knowledge (Kuijer et al. 2010; Hagemeyer et al. 
2013; Zolnikov et al. 2019). The findings may warrant proper interventions by policy makers in terms of workers’ 
decent self-awareness on avoiding/controlling risks.
Table 2-1. Sanitation-related values of study participants: satisfaction towards work environment, 
awareness of health-risk exposure, and what others think of his/her job (n = 7).
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Item n %
Disturbance level (current state)
Wetness 6 86
Never 1 14
Sometimes 0 0
Always
Odor
Never 6 86
Sometimes 1 14
Always 0 0
Dirtiness
Never 5 71
Sometimes 2 29
Always 0 0
Work cloth
Provided safety gear 0 0
Something okay to be stained 7 100
Others 0 0
Where to get work cloth
Home 0 0
TPS 0 0
Shops 0 0
Others (given by residents) 7 100
Feeling of safety on working
Never 1 14
Sometimes 3 43
Always 3 43
The most dangerous garbage
Medical syringes 4 57
Broken glasses 2 29
Skewers 1 14
Broken cans 0 0
The most disgusting garbage
Animal corps 4 57
Menstrual products 3 43
Awareness of health-risk exposure
Never 4 57
Sometimes 2 29
Always 1 14
Table 2-2. Sanitation-related values of study participants: satisfaction towards work environment, 
awareness of health-risk exposure, and what others think of his/her job (n = 7).
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2.4. Participants’ values on work conditions and dignity
Table 3 shows values on their work of study participants. Six out of seven participants reported the feeling of 
contribution to the society such as responsibility in cleaning the area for residents and strikingly, motivation to be 
a garbage worker, respectively. In this regard, respondents raised three particular reasons to be a garbage worker 
that are providing for family (2), no other jobs available (4), and freedom in work styles (1). However, almost 
half of the workers (4) also answered that they care about how others think of their job accompanied by the result 
that mean scores of appearance consciousness scale were 3.26. Some participants rated more than 4 (Figure 5) 
given higher scores indicating higher levels of fear of negative appearance. This may have a connotation that some 
workers’ self-esteem is more likely to be lower than those who take other jobs. In this support, some workers 
mentioned underestimation and lack of respect from others in interviews. This is in line with the United Nations’ 
concern on their dignity and actual case of social abuse (Medina 2000). Although no data available to support 
the supposition, the issue of dignity and physically horrible work environment may have contributed to six out of 
seven people willing to have a different job.
Despite the findings as described earlier, it is notable that some workers referred to their social role as a 
garbage worker; “Keep TPS clean so that residents do not complain about its odor”, “the importance of the 
current job in the community”. Taken together, while some workers’ dignity is threatened in the context of social 
abuse, they may try to compensate for the negative aspects associated with their work by bringing in positive 
views in the context of social significance and worth: a study with garbage workers and street cleaners from the 
United Kingdom (Hamilton et al. 2019) argued that workers may attempt to transform the ways in which their 
jobs are seen (i.e., social stigmatization) through reframing process as shown in infusion and/or negation of the 
stigmatized aspects (Ashforth and Kreiner 1999), or affirmation of worth in/at their work. Furthermore, self-
reliance should also be noted as an important tool that may serve to maintain or assert workers’ dignity. In this 
term, as described earlier, two interviewees indeed mentioned providing for their family as one of the reasons to 
Figure 4. (a) Current situation of the work environment at TPS. (taken by the authors: M. I.)
(b) Current situation of the work environment at TPS: broken glasses. (taken by the authors: A. S.)
(c) Current situation of the work environment at TPS 3: health risk. (taken by the authors: A. S.)
(a)
(b) (c)
 Sanitation Value Chain  Vol. 4 (2)  pp.051–066, 202062
be a garbage worker. This finding is in line with a study with garbage workers in the United Kingdom, showing 
that many interviewees stressed that they could financially support themselves and their family by working 
(Hamilton et al. 2019). On the other hand, in the context of hierarchical esteem, one interviewee commented 
freedom at work. That is, in light of the findings from a study discussed in self-reliance (Hamilton et al. 2019), 
some workers may experience workplace dignity in the form of social comparisons with other people in/at 
different works in a favorable way. These important dimensions may warrant further studies and discussion in 
sociological contexts.
When asked the feeling of satisfaction towards income, work condition, and interpersonal relationships, more 
than 70% of participants reported that they were satisfied (or at least neither satisfied nor dissatisfied with income) 
with these three aspects. The results of this study can be supported by several economic facts that there are 
multiple ways of generating income in reported Figure 1, 2, and 3. The workers engage in unloading and sorting 
garbage process with their parents, spouses or siblings, which may assure them of capability to continuously 
financially support themselves possibly with conveyance of harmony at work environment comprising close 
family members. To support this supposition, as another possible factor, although some studies indicating very 
low income of scavengers due to their low position in the waste-trade hierarchy (Medina 2000; Wilson et al. 2006), 
the present findings also argues that scavengers may not be economically lowest; in explanation, Indonesian 
government endorses the work of scavengers as economically and environmentally beneficial to the country itself 
by encouraging the workers to form cooperatives and imposing a duty on imported waste materials to increase 
their income (Medina 2000). However, this case should be treated with caution in terms of its generalization and 
therefore further studied with more profound interviews.
Figure 5. Mean score of Fear of Negative Appearance Evaluation Scale 
(broken down by each participant).
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Item n %
Feeling of responsibiity to the society
Never 1 14
Sometimes 0 0
Always 6 86
Care how others think of a job
Never 4 57
Sometimes 3 43
Always 0 0
Desire for a different job
Never 1 14
Sometimes 6 86
Always 0 0
Motivation to be a garbage worker
Never 1 14
Sometimes 0 0
Always 6 86
Particular reason to be a TPS worker
Provide for family 2 29
No other job 4 57
Freedom in working 1 14
Feeling of satisfaction 
Income
 Never 1 14
 Neither satisfied nor dissatisfied 3 43
 Always 3 43
Work condition
 Never 0 0
 Neither satisfied nor dissatisfied 2 29
 Always 5 71
Interpersonal relationships
 Never 0 0
 Neither satisfied nor dissatisfied 2 29
 Always 5 71
Table 3. Participants’ values on work conditions and worth at/in work (n = 7).
Conclusions
This study demonstrated that there are several particular sanitation issues that affect garbage workers such as 
wetness by exposure to unsanitary garbage (i.e., menstrual products and animal corps), dirtiness, and hazardous 
garbage (edgy garbage) (i.e., medical syringes and broken glasses) that contributes to serious health risk exposures. 
Despite the fact that the workers are often at risk of being susceptible to these reported issues, they are likely to be 
problematically resilient in the context of not wearing proper work gears and depending on being self-consciously 
precautious based on some physical discomfort and work inefficiency. The current situation of garbage workers 
in Bandung implicates that the actual safety of sanitation forces is entrenched by multiple negative physical 
consequences that are caused by unique factors which we may unlikely expect. Notably, the findings of this study 
also revealed that there are multiple ways for income generation for the workers: garbage unloading, sorting 
and selling activity is seemingly operated by family units, which may run counter to the social norm that these 
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populations are generally most socioeconomically vulnerable, and hence are confronted with inadequate capacity 
to meet basic needs. Future studies are necessary to dismantle and discern these sanitation forces in terms of 
their cash flows, which may help examine their actual socioeconomic abundance affecting their livelihood. 
Finally, interviews that include FNAES demonstrated its wide-ranging utility by examining garbage workers’ 
dignity: while dignity in/at work was threatened in some workers in the context of social abuse, reframing (e.g., 
affirmation) process of their work and hierarchical comparisons with others also helped them experience their 
value in/at work in terms of its social significance and value.
There are several limitations that should be considered in the extension of this work. As the first limitation of the 
present work, although one of the strengths of this study is its method that incorporates participation in interview 
survey, future work could generalize these findings to a wider population by examining diversities in age, gender, 
cultural groups and sanitation workers (e.g., street cleaners) to develop a richer picture of garbage workers. In 
this regard, although we paid utmost attention on our verbal expressions and atmosphere, some worker may have 
experienced pressure to provide information that deviates from one’s individual voice. Secondly, dignity in/at 
work of garbage workers should be further studied by qualitative work with both semi-structured and open-ended 
interviews and discussed in more sociological contexts for fundamental understanding of the nature of their work. 
In this regard, dignity should also be described in the context of men’s masculinity as this contains endurance, 
which may be a significant predictor of worth in/at their work (Pomper 2010). Finally, this dignity-oriented research 
could be developed in examining familial aspects representing intimate conversations as well as associations with 
the other psychosocial aspects such as self-esteem and body image. 
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